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COMPARISON OF THE GERMK'IDAL EFFKTENCY OF 
HYPOCHI.OR1TES OF HIGH AND LOW 
ALKALINITY 

S. M. COSTIGAN 

Research Deparlmerity General Laboratories Division, Pennsylvayiia Sail 
Manufacturing Company, Philadelphia, Pennsylvania 

Received for publication January 7, 1937 

The work of Mudge and Smith (1935) compared plate counts 
and serial dilution tulx's in determining the efficiency of chlorine 
in destroying bacteria. They reported that, after exposure of 
the organisms to dilutions of a very highly alkaline hypochlorite, 
plate counts showed as high as a 99 per cent reduction while 
serial dilution tubes showed no reduction from the original 
bacterial population. They attribute their re.sults to the fact 
that the chlorine dilutions exhibited bacteriostasis and not death. 
It is their belief tliat death of bacteria cannot be determined 
solely by the inability of the organisms to reproduce and cite the 
work of Rahn and Barnes (19^33) to substantiate this theory. 
However, Fulmer and Buchanan (1923) using the ^^tal staining 
technic, concluded that all cells which take up the stain are dead 
and therefore, can no longer reproduce, which has been the basic 
premise in studies of bacterial death. 

Baylis (1931) believes that the action on cells by chlorine 
causes a permanent change, that there is no return to natural 
conditions, and that the reversible reaction as described by Ban- 
croft and Richter (1931) probably does not applj'^ to products of 
the (ffilorine group, or water supplies would not be as satisfac- 
torily disinfected as results indicate. 

Unpublished residts of work done in our laboratory following 
both the Food and Drug Administration methods (Ruehle and 
Brewer, 1931) for testing antiseptics and disinfectants and the 
glass slide technique of Johns (1934) showed by cultural methods 

1 


JOtTBNAL or BACTXJUOLOQT, VOL. 34, NO 1 



2 


S. M. COSTIGAN 


as well as by animal inoculation (Costigan, 1936) that chlorine 
compounds destroy bacteria. 

Butterfield (1933) found the plate colony counts and most 
probable numbers computed from the dilution method in agree- 
ment. Where there is a variation between the two methods 
(that is where the dilution method gives a higher count) he attrib- 
utes it to the fact, that liquid media are probably more ideal for 
bacterial growth, and, more important, the organism under 
study may have a tendency to form clumps which on plate 
counts does not give a true representation of the numbers of 
bacteria present. Ziegler and Halvorson (1935) found the same 
phenomenon to be present in their work. 

In view of the fact that alkalinity plays a very important part 
in the germicidal efficiency of hypochlorite solutions as was found 
by Johns (1931, 1934), Fabian and co-workers (1934), Mallmann 
(1932), Hellwig (1934), Levine and Charlton (1935), and Prucha 
(1934), and also because McCulloch (1936) found that highly 
alkaline products are less effective in destroying Gram-positive 
organisms than Gram-negrdive organisms, we thought, it desirable 
to compare the efficiency of a highly alkaline hypochlorite* 
against one* of low alkalinity using the plate colony count and 
dilution tube methods. Attempts were made to use milk cul- 
tures (as did Mudge and Smith) but as we were unsuccessful in 
obtaining culttires without curdling, cultures of Eberthclla 
typhosa (Hopkins strain) and Staphyhcoccvs aureus (No. 209) 
were used. 

The highly alkaline hypochlorite employed, had an available 
chlorine concentration of 15 per cent and an alkalinity, due to 
NaOH, of 0.5 per cent. 

The hypochlorite of low alkalinity used, had an available 
chlorine concentration of 3.50 per cent with an alkalinity of 0.13 
per cent due to Ca(OH) 2 . 

The Leeds and Northrup glass electrode was used in deter- 
mining the pH of the solutions. 

‘ Clilor— Liquid Bleach — Manufactuied by Pennsylvania Salt Manufacturing 
Company, Philadelphia, Pa. 

* B-K—Manufacture^ by General Laboratories Division, Pennsylvania Salt 
Manufacturing Company, Philadelphia, Pa. 
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TECHNIC 

After three successive days of culturing in F.D.A. broth, 
(Ruehle and Brewer, 1931) the cultures were used in the test. 

In order to simulate the work of Mudge and Smith (presence 
of milk in the inoculum), 1 cc. of sterile milk was added to 9 cc. 
of the 24-hour broth culture. 100-cc. portions of the two hypo- 
chlorites in dilutions containing 50, 100 and 200 parts of available 

TABLE 1 


Comparison of the germicidal efficiency of a hypochlorite of high alkalinity against 
Eberthella typhosa by plate colony count and dilution methods 


1 

nux 


HYPO- 

CULOEITE 1 

COLONY 
COUNT NO 
THIOSULPHATE 
UB£D 

PER- 

CENT- 

AGE 

REDUC- 

TION 

COLONY COUNT 
THIOSULPHATE 
USED 

PER- 
j CENT- 
' AQB 

1 REDUC- 
TION 

GROWTH 

IN SERIAL 
TUDE8 

PEB- 

CE.VT- 

AGB 

REDUC- 

TION 

Cone av. cl. 
PP.M. 

pH of 
solution 1 

Start 

50 

9 09 



1 




3 minutes . . 

25 

7 54 

7 8 X 10^ 

1 99 99 

1 1 X 10« 

99 99 

1 1 X 10* 

99.90 

5 minutes 

20 

7 54 

3 0 X 10^ 

99.99 

1 4 9 X 10* 

99 99 

1 X 10* 

99 99 

10 minutes 

15 

7,59 

0 0 X 10* 

1 99 99 

1.2 X 10* 

99.99 

1 X 10* 

99.99 

Start 

TOO 

9.34 



1 




3 minutea . 

05 

7.84 

2 

99.99 

3 

99 99 

1 X 10* 

99.99 

5 minutes 

00 

7 89 

0 

100 

0 

100 

1 X 10^ 

99.99 

10 minutes , . 

55 

7.89 

0 

100 

0 

100 

0 

100 

Start 

200 

10 29 







3 minutes 

135 

8.29 

0 

100 

0 

100 

1 X 10* 

99.99 

5 minutes . 

128 

8 24 

0 

100 

0 

100 

1 X 10^ 

100 

10 minutea. 

120 

8.24 

0 ! 

100 

0 ' 

100 

0 

100 

3 minutes 


1 

( 

2.9 X 10» 


3.0 X 10^ 


1 X 10** 


5 minutes 

1 

1 

} Control { 

2 9 X 10* 


3 1 X 10* 


1 X 10** 1 


10 minutes 

J 

\ 

1 

2 9 X 10'' 

j 

3 0 X 10» i 


1 X 10*« 



chlorine per million of water were used. The 10 cc. mixture of 
broth culture and milk was added to 100 cc. of hypochlorite 
dilution. At intervals of 3, 5 and 10 minutes, 1 cc. samples were 
withdrawn and run into sterile w'ater and sterile N/10 sodium 
thiosulphate dilution bottles for plate counts on bacto-nutrient 
agar, and into each of 5 tubes of F.D.A. broth for serial dilution 
studies. The thiosulphate was used to stop the chlorine action 
at the stated intervals. Dilutions were made so that the plates 
were not overcrowded and satisfactory counts could be made. 
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Controls were run with each experiment usijig plate colony 
counts with both sterile water and sterile N/10 sodium thio- 
sulphate blanks as well as dilution tubes. The plates and tubes 
were incubated for 48 hours at 37°(l 
The pH of the solutions and the available chlorine concentra- 
tions were determineil at the beginning of the exi)eriment and at 
3, 5 and 10 minute intervals after the addition of the milk-culture 
inoculum. 

TABLE 2 


Comparison of the germicidal efficiency of a hypochlorite of low alkalinity against 
Eberthella typhosa by plate colony count and dilution methods 


TIME 

H 

CBL 

"Xi 

cP^ 1 

11*0- 

OKITE 

I)U of 
solution 

COLONY 
rOONT NO 
THI081JLJ*HATE 
VBilD 

PER- 

CENT- 

AOE 

REDUC- 

TION 

COf ONY roUNTi 
TUIOHT'LPITaTE 
II8ED 

PEIt- 

CENT- 

AUE 

REDUC- 

TION 

OftOWTH 

IN HF.HIAL 

Tl II E» 

1 

i 

PER- 
r FNT- 

AUK 

REDUC- 

TION 

Start 

50 

8 43 







3 minutes 

35 

6 94 1 

2 9 X 

99 99 

6 2 X 10^ 

99 97 

1 X 

99 99 

5 minutes . 

30 

1 6 04 

0 

100 

0 

too 

1 X 10^ 

99 99 

10 minutes 

30 

6 94 

0 

|im) 

0 

100 

1 X 10* 

99 99 

Start 

100 

8 53 





i 


3 minutes 

65 

I 7 34 

0 ; 

100 

0 

100 

1 X 10* 

99 99 

5 minutes. . 

60 

7.39 

0 

100 

i 0 

;ioo 

1 X 1(0 

99 99 

10 minutes . . , 

5c), 

7 39 

0 

100 

0 

1 

0 

100 

Start . 

200! 

: 8.85 




j 



3 minutes . . 

150 

7 59 

0 

100 

0 

;J00 

1 X 10» 

99.99 

5 minutes 

no 

7 69 

0 

100 j 

0 

iJOO 

1 X 10» 

99 99 

10 minutes 

13S 

7.69 : 

0 

100 1 

1 0 

100 

0 

100 

3 minutes 

] 

f 

2 7 X 10» i 

1 

1 

2 5 X JO'-' 


1 X 10“ 


5 minutes 

\ Control 

2 7 X 10'^ ! 

1 

1 

1 2 7 X JO* 


1 X 10“> 


10 minutes 

J 

1 

2 7 X 10» 

i 


1 2 G X 10* 


1 X 10“ 



DISCUSSION 

As the results were very .similar both for the control and hypo- 
chlorite treated tests, a'i'erages of six runs were considered satis- 
factory. Sjjace does not permit showing each run of the experi- 
ment. 

Table 1 shows the comparison of plate colony counts and dilu- 
tion tubes using the highly alkaline hypochlorite against Eber- 
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thella typhosa. Of course, the colony count where thiosulphate 
was used, was higher than where water was used. There is a 
99.9 per cent reduction in the counts as is shown by both plate 
counts and dilution tubes. 

It will be noticed that tlie colony count even in the controls 
was consistently less than the count as estimated from the dilu- 
tion t ubes. 


TAHL1-: 3 


Coinparison of the germicidal cjfiricncy of a hypochlorite of high alkalinity against 
Staphylococcus aureus by plate colony count and dilution methods 


TIME 

H 

CIHi 

aa?v 

o 

^PO- 

OUITE 

pH of 
Htdution 

( OI.ONV 
cm NT NO 
THlOSrLHHATE 

UBKD 

PEB- 

rS.NT- 

AO£ 

REDUC- 

TION 

COLONY COrNT 

THIOHrLPlIATK 

l/BED 

PER- 

CENT" 

AOK 

REUEC- 

TION 

GROWTH 

IN UKRIAL 
TUBES 

PER- 

CENT- 

AOE 

REDUC- 

TION 

Start 

nO 

9 09 
















3 lui null’s 

2,') 

7 34 

r, 

0 

X 

]()« 

99 83 

8 

4 

X 

J0« 

99 

70 

1 

X 

108 

99 0 

5 niiiiuU’s , 

20 

7 34 

3 

1 

X 

10*^ 

99 S9 

1 

2 

X 

10® 

99 

84 

1 

X 

10' 

99 90 

10 minutes 

ir. 

7 34 

() 

(> 

X 

10‘ 

90 97 

7 

9 

X 

10' 

99 

97 

1 

X 

10* 

99 99 

Start 

100 

9 3-1 
















3 minutes 

(jZ\ 

7 f.-l 

•1 

3 

X 

10*^ 

99 83 

<5 

0 

X 

10“ 

90 

7o 

1 

X 

10* 

99 0 

5 minutes . 

()()i 

7 01 

s 

4 

X 

lO'^ 

99 97 

1 

3 

X 

10“ 

99 

95 

1 

X 

10’ 

99 90 

10 minutes 

! 58^ 

7 (19 


0 

X 

10» 

99 99 

G 

r> 

X 

1(.0 

99 

99 

1 

X 

10' 

99 99 

Start 

i 2i)i) 

10 291 















3 minutes 

i 132 

7 89 

1 

2 

X 

10* 

99 99 

7 

8 

X 

10^ 

99 

99 

1 

X 

10“ 

99 99 

5 minutes 

12/) 

7 90 

2 

G 

X 

10' 

99 99 

3 

0 

X 

10' 

99 

99 

1 

X 

10' 

99 99 

10 minutes 

120 

7 90 



0 


100 



0 


100 


1 

X 

10' 

99 99 

3 minutes 

! 

f 

2 

9 

X 

10» 


2 

9 

X 

10’ 



1 

X 

10^0 


5 minutes 

\ (V)ntrol < 

3 

0 

X 

lO** 


2 

8 

X 

10® 



1 

X 



10 minutes 

1 

1 

2 

9 

X 

lOV 


2 

9 

X 

10’ 



1 

X 

10^’ 



The hypochlorite of low alkalinity table 2, shows a greater 
efficiency against Ebcrthdla typhosa by bot h methods. 

In table 3, wo find the comparison using Staphylococcus aureus 
with the highly alkaline hypochlorite. As is well known, the 
resistance of this organism is greater than that of EbertlicUa 
typhosa. Here again, we find the plate colony count and dilution 
tube methods to be in agreement. The plates where thiosulphate 
was used in the dilution blanks, show a higher count than where 
no thiosulphate was used. 
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Table 4 gives the results with the hypochlorite of low alka- 
linity against Staphylococcus aureus. We find a greater eflBciency 
than with the highly alkaline hypochlorite. Again, it will be 
noticed that with the dilution method there is a 99.9 per cent 
reduction. 

From the tables, it can be seen that the addition of the inocu- 
lum to both hypochlorites caused the greatest reduction in the 
available chlorine concentrations and pH values of the solutions 

TABLE 4 


Comparison of the germicidal efficiency of a hypochlorite of low alkalinity against 
Staphylococcus aureus by plate colony count and dilution methods 


TIMK 

H 

CHL 

*0 

O 

YPO- 

OhlTE 

pH of 
solution 

COLONY 
COUNT NO 

thiosulphate 

USED 

PEll- 

CKNT- 

AQE 

IIBDUC- 

TION 

COLONY COUNT 
THIOSULPHATE 
USED 

PER- 

CENT- 

AOB 

HEDUC'- 

TION 

GROWTH 

IN SERIAL 
TUBES 

PER- 

CENT- 

AGE 

BEDUO 

TION 

Start 

50 

8 43 








3 minutes , . . 

30 

6.80 

4 9 X If'- 

99 85 

8 1 X 10« 

99 73 

3 

X 10“ 

99 80 

5 minutes 

30 

6 89 

] 2 X 10" 

99 or. 

1 2 7 X 10« 

99 89 

1 

X 10“ 

99 99 

10 minutes. 

30 

0 89 

f) 1 X 10^ 

i 99 99 

9.5 X 10' 

99.99 

1 1 

X 10® 

99 99 

Start 

100 

8.53 








3 minutes 

65 

7 14 

3 4 X 10« 

' 99 87 

6.4 X 10® 

99 78 

1 

X 10^ 

99 99 

5 minutes . , . 

55 

7.14 

1 8 X 10‘ 

99 99 

3.3 X 10® 

99.98 

1 

X 10“ 

09 99 

10 minutes . . . 

50 

7.19 

1 6 X 10*^ 

99 99 

5 3 X 102 

99.99 

1 

X 10* 

99 99 

Start 

200 

8-85 








3 minutes 

145 

7 34 

0 

100 

0 

100 

1 

X 10* 

99 99 

5 minutes . . 

135 

7.34 

0 

100 

0 

100 

3 

X 30* 

99 99 

10 minutes . . 

135 

7 34 

0 

100 

0 

100 

1 

X 10* 

99.99 

3 minutes 

] 

( 

3 0 y io» 


2 0 X 10® 


1 

X 10‘* 


5 minutes 

> (’’ontrol \ 

2 8 X 10® 


1 2 9 X 10® 


1 

X 10** 


10 minutes 

J 

i 

2 9 X 10® 

i 

1 

1 

2 9 X 10® 


1 

X 10** 



in the first three minutes which then remained fairly constant 
chrough the ten-minute period. 

CONCLUSIONS 

The results show the plate colony counts and dilution methods 
to be in agreement and indicate that, with the hypochlorite dilu- 
tions used in tl.'e tests the organLsras were definitely destroyed 
and therefore bacterioftasis was not a factor. 
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The dilution method gives a higher estimated bacterial popula- 
tion than the plate count method. This is probably due to the 
fact that a liquid medium is better adapted to bacterial growth; 
also, on agar plates, clumps of organisms may be present giving a 
lower colony count than would be estimated in dilution tubes. 

A highly alkaline hypochlorite under the (conditions of this test 
was found not to be as efficient germiridally as one of lower 
alkalinity. 
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THE FERMENTATION OF PROPYLENE GLYCOL BY 
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INTERMEDIATE GROUPS 
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Tho possibility has been suggested of differentiating the “in- 
termediates” from Eficherirhia and Aerohacter by the use of 
prf)pylenc glycol (Dozoiset ah, 1930). It was observed, in the 
limited number of cultures studied, that Escherichia and Aero- 
hacter formed acid from propylene glycol, while the “intermedi- 
ates” did not. In order to determine whether the utilization of 
this glycol might serve as a convenient additional t.axonomic 
characteristic of this group, extensive observations were deemed 
atlvisable. Therefore, the propylene-glycol broth medium wa.s 
used, in the study of a number of stock cultures, and in the routine 
examination of strains i.solated from water, milk, crabmeat, oys- 
ters and feces. 

In an attempt to differentiate between the various strains of 
the “intermediates” observations on the fermentation of propy- 
lene glycol, ethylene glj’ool, adonitol and ino.sitol were made. 
Those coli-form microtirganisms whi(‘h were found to be methyl- 
red positive and Voges-Proskauer negative, and which also grew 
in citrate broth (Koser’s) were classed as members of the “inter- 
mediate” group. 


METHODS AND MATERIALS 

One per cent of the specific sugar alcohol w’as added to sugar- 
free broth of a pll of 7.0. The indicator used was chlorphenol 
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red. The broth was sterilized at 15 pounds for 15 minutes, ex- 
cessive heating being avoided. The cultures were incubated for 
ten days and observed daily for acid and gas. In most instances 
48 hours’ incubation was sufficient for fermentation to take place. 

RESULTS 

Of the 33 cultures of the “intermediates” obtained from vari- 
ous stock conceptions, 16 failed to form acid from either propylene 
glycol or ethylene glycol, and 4 failed to form acid from prop 3 '- 
lenc glycol but did produce acid from ethylene glycol. Of the 
16 cultures giving negative results with both of the glycols, 5 
produced acid and gas from adonitol and in(>.4tol. Of the 13 
strains that formed acid from propylene glj'col, 7 also produced 
acid from etliylene gl^'col, while all failed to atfect adonitol and 
inositol (table 1, A). 

Forty-five cultures of “intermediates” were isolated from 
oysters, crabmeat' and feces (see table 1, B). Of these, 21 wen; 
found to be both propylene-glycol and ethj'lene-glycol negative. 
Three that were negative with propj-lene glycol produced acid 
from ethylene glycol. Five of the group of 21 organisms fer- 
mented adonitol and inositol while all of the propylene-glycol 
negative, ethylene-glycol positive strains attacked adonitol and 
inositol. The other members of this group produced acid from 
propylene glycol; of these, 11 also formed acid from ethylene 
glycol. Only 1 of the organisms positive in both of the glycol 
broths fermented adonitol and inositol while 3 of the propylene- 
gljxol positive and ethylene-glycol negative strains have this 
ability. 

Of the “intermediates” isolated from milk and water at the 
Baltimore City Health Department (table 1, C) 9 failed to form 
acid from propylene and ethylene gij'col. Thirty-three produced 
acid from propylene glycol, of which 21 also formed acid from 
ethylene glycol. 

Approximately 44 per cent <4 the “intermediates” studied 
failed to form acid from propjdeiie glycol. Of those that failed 
to utilize the propylene glycol about 13 per cent formed acid 

F. Dozois, Maryland State Department of Health. 



FEKMENTATION OF PROPYLENE GI.TCOL 


11 


from ethylene glycol. Thirty-two and a half per cent of the 
“intermediate.s” produced acid from propylene and ethylene 
glycol while 23.3 per cent produced it only from propylene 
glycol. About 11 per (;ent of the “intermediates” fermented 
adouitol and inositol. All of those that fermented adonitol also 
fermented inositol. 


TABLE 1 


Obscri'ations on the rcarlions of Escherichia coh and the intermediates^' 
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Fecal 17 







17 



Non fecal 17 

1 

— 

-• 

17 
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It is apparent from these observations that there are at least 
four distinct strains of the “intermediates” in so far as the glycol 
fermentations would indicate. It will be necessary for more de- 
tailed studies to make this classification complete. 

Thirty-four strains of Escherichia coli (table 1, D), 17 from feces 
and 17 from other sources, were obtained. Only one produced 
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acid from propylene glycol. From the studies on these cultures 
of Escherichia coli it would seem that a close correlation exists 
between the failure to utilize citrate and the failure to produce 
acid from propylene glycol. While the indol reaction for mem- 
bers of the Escherichia and “intermediates” group is somewhat 
variable it would seem that a relationship between indol forma- 
tion and propylene-glycol utilization by Escherichia coli may exist. 
The production of indol in most cases signifies an inability to fer- 
ment the glycol. 

DISCUSSION 

Over half of the “intermediates” from various stock collections 
and slightly less than half of those isolated from oysters, crab- 
meat and feces failed to utilize propylene glycol. Of the 42 
strains isolated from milk and water 33 protluced atdd from propy- 
lene glycol. These variations and the differences obser^'ed from 
the Escherichia coli suggest that the ability to utilize propylene 
glycol is a strain characteristic. The source of isolation may 
play a part in the propylene-glycol activity of the organisms. 

Although several Escherichia coli in our stock collection produce 
acid from propylene glycol, of the 34 isolaterl from fresh material 
only one has this ability. More extensive studies of the action 
of Escherichia coli from a large number of sources will be necessary. 

The colon-typhoid group of organisms which yield lactic or 
formic acid from glucose might be expected to yield lactic, formic 
or propionic acids or possibly mucic, oxalic or acetic acids from 
propylene glycol. An attempt, was made to identify the acid 
formed by these organisms from propylene glycol. The total 
acidity was approximately one half that yielded by glucose. One 
cubic centimeter of broth medium required 0.1 cc. N/10 NaOH 
for neutralization. Negative reactions were obtained for lactic, 
oxalic and mucic acids. No volatile acids were present, thus 
eliminating acetic or formic acids. 

SUMMARY 

1. Because of the variation of reactions of Escherichia coli and 
the “intermediates” with propylene glycol, this method, in its 
present form, can no{ be used for differentiation. 
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2. A close correlation exists between the failure to utilize 
citrate and to forment propylene glycol by Escherichia coli. 

3. A relationship between indol formation and propylene-glycol 
fermentation by Escherichia coli has been observed. 

referen(;es 

Dozoir, K. P., ('Arr, C. J., Krantz, J. (\, Jr., IIachtel, F. and Beck, F. 1936 
Sugar alroliolR. VI. Tlio utilization of sugar alctihols and their an- 
hydrides by various nueroorgaruaniR. Jour. Baet., 32, 490-503. 
Standard Methods of WattT Analysis. 1936 American Public Health Associ- 
ation, 8th Kdition, 270. 




THE DISSIMILATION OF ORGANIC ACIDS BY 
AEROBACTER INDOLOGENES' 

H REYNOLDS, BALTZAR J. JACOBSSON and C. II. WERKMAN 
Department of Bacteriology, Iowa State College, Antes, Iowa 

Received for publication January 25, 1937 

In a previous paper by Reynolds and Workman (1937) evidence 
was pnvsented indicating that acetic acid plays an important 
intermediary rule in tlie dissimilation of glucose by Aerobacter 
indolugenes. It was suggested that the products of the anaerobic 
dissimilation of intermediately-formed acetic acid are acetyl- 
methylcarbinol and 2 ,3-butylene glycol. In view of the indirect 
evidence previously reported and the possible importance of the 
behavior of acetic acid in the Voges-Proskauer reaction, it ap- 
peared desirable to provide direct proof of that suggestion. 

METHODS 

I’ermentations were carried out in 1-liter flasks filled with 
medium and fitted with delivery tubes for removal of gases, 
('arbon dioxide was collected in “U” tubes filled with soda-lime, 
and weighed. Hydrogen was collected over water in graduate 
cylinders and (juantitativcly determined in a Hempel explosion 
pipette. 

Other methods are described in a previous paper (1937). 

EXPERIMENTAL 

Investigation of the dissimilative action of A. indologenes on 
acetic, lactic and succinic acids w'as undertaken. Preliminary 
attempts to ferment these acids in the form of their sodium salts 
in a peptone medium, were unsuccessful. Clouding of the me- 
dium and microscopic examination indicated bacterial growth but 

^ Supported in part by a grant from the Industrial Science Research Fund of 
Iowa State College. 
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chemical analysis demonstrated a negligible utilization of the 
acids. None of the media gave a positive acetylmethylcarbinol 
reaction. In su(!ceeding experiments, dissimilation was obtained 
in media containing glucose in addition to the organic acids. In 
the presen(!C of glucose conditions are more nearly those of a 
normal fermentation, particularly as regards possible hydrogen 
transfer. To the medium containing 2.0 per cent glucose, 0.1 
per cent secondary aimnonium phosphate, and 0.5 per cent 
sodium bicarbonate, was added 0.5 per cent of the acid as its 
sodium salt. A quantity of the same medium witho\it addition 


TABLE 1 

Fermentation of glucose plus an organic add hg Aernhaciir indohujencs* 



* QuantiticR cxfirossetl mr molfs per mole <»f glucose fermented 
t Cf. Krb, Wood and Werkman: Jour. Hact., 31 , 595 (1930); a perfect index 
= 1 . 0 . 


of acid served as the control. Following inoculation, sterile, 
oxygen-free nitrogen was forced for fifteen minutes through the 
flasks, which were connected immediately to the gas train. 
Samples were removed for determination of the initial glucose, 
carbon dioxide and acid. Final analyses were made after seven 
days’ incubation at 30'O. Typical results are shown in table 1. 
Fermentation of glucose was <‘omplete. Examination of the 
carbon balance and oxidation-reduction index indicates that the 
analyses were satisfactory. 

The data show that added lactic acid was not attacked. The 
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inrrease in lactit; acid over the original addition is comparable 
with the (piantity produced by the control fermentation of glucose 
w'ith no additions. 

('omparison of the initial and final (]uantitie.s of acetic acid in 
the glucose-ac('(at(' medium shows that 0.3G mole of the added 
acid has disappeared. Hence, a (luantity of acetic acid equiva- 
lent to 40 per cent of the original addition plus that produced 
from the glucose was converted to some other product or products. 
The grc'atest variations from the control accompanying the uti- 
lization of ac('tic acid are in formic acid, acetylmethylcarbinol, 
2,3-butylene glycol and hydrogen. Since the total quantities of 
1-, and 3-carbon (‘ompounds are practically etiual in the control 
and in the glucose-acetate medium, and the (juantity of ethjd 
alcohol is le.ss in the latter, the disappearance of acetic acid can 
be explained only on the basis of its conversion to 4-carbon com- 
pounds, i.e., 2.3-butylene glycol and acetylmethylcarbinol. 

The increa.se in 2,3-butylene glycol in the acetate medium as 
comi)ared with the control is 0.24 mole. The decrease in acetic 
acid calculated as 2 .3-butylen<! glycol is 0.18 mole or equal to 75 
per cent of the increasi? in yield of glycol. 

'rh<‘ data show a significantly decreased production of alcohol 
in the pre.sence of acetate. Sinc(' it is probable that the alcohol 
ari.ses through the reduction of intermediately-formed acetal- 
dehyde, such a decreased yield should lx? expected in the presence 
of a competing hydrogen acceptor, i.e. acetic acid. As with the 
converti'd acetic acid, intermediately-formed ahlchyde not 
reduceil to alcohol must be ac(*ounted for among the 4-carbon 
compounds. The decrea.se in ethyl alcohol in the glucose-acetate 
medium as compared with the control is the equivalent of 0.055 
mole of 2,3-butylenc glj'col and equal to 23 per cent of the 
increase in yield of glycol. Thus, 98 per cent of the increased 
yield of glycol in the pre.sence of acetate can be accounted for by 
the converted acetic acid plus the condensation of intermediate 
aldehyde normally reduced to alcohol. 

That acetic acid can be activated as a hydrogen acceptor by 
A. indologenes is shown by the absence of gaseous hydrogen in 
the presence of an excess of that acid. The ut ilization of hydi'o- 
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gen arising from the dissimilation of glucose by A. indologenes 
was substantiated by use of the Barcroft-Warburg respirometer. 
The technique is that described by DLxon (1935) with oxygen-free 
nitrogen substituted in the flasks for air. The results showed 
that in the presence of acetate no appreciable quantity of hydro- 
gen may be liberated by A . indologenes whereas Escherichia coli, 
used for comparison, behaves otherwise. This is a fundamental 
difference between the two organisms. 

Results obtained with the fermentation of added succinic acid 
are not as definite as those for acetic acid. About 40 per cent of 
the initial siicciuic acid was fermented and its conversion was 


TABLE 2 

Fermentation of a glucose-acetate medium by Aerohacter indologenes in the presence 
of hydrogen, and hydrogen and air 
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1 63 

1.47 i 

1 73 

0 14 

0 01 

i 0 44 

0.82 

97 4 
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Quantities in moles per mole of glucose fermented. 


accompanied by appreciable increases in formic acid and 2,3- 
butylene glycol. The results indicate that the fermented succinic 
acid was converted largely to formic acid and 2 ,3-butylene glycol. 
CJonversion to the glycol probably occurs subsequent to an initial 
decomposition to acetaldehyde or acetic acid. 

Since less than half of the acetic acid initially present was 
hydrogenated, the reduction appears to have been limited by 
lack of available hydrogen. The data suggested the possibility 
of obtaining more complete reduction by providing an excess of 
hydrogen. To test that possibility the following experiment was 
arranged. One liter of riicdium containing 1.0 per cent of acetic 
acid as the sodium salt with 0.5 per cent Bacto-peptone was 
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inoculatei] with A. indoloyencs. Hj^drogen was forced through 
the medium during six days’ incubation at 30'’(’. Two other 
flasks containing the glucose-inorganic medium as previously 
described and 1.0 per cent of acetic acid as the sodium salt were 
inoculated with the same culture. Hydrogen was forced through 
one of these, and a mixture of e(iual parts of hydrogen anti oxygen 
through the other during the six days’ incubation at 30°C'. The 
flasks were fitted with inlet tubes extending to the bottom. The 
end of the inlet tube was inserted tightly into a small basswood 
block. The gases, forced through the block, entered the medium 
as a fine spray. 

The peptone-acetate medium .showed good growth but the 
added acetic acid was (‘ntirely recovereil unchanged after incuba- 
tion. In the glucose-acetate medium (table 2), the fermentation 
of glucose was compk^te. 

Comparison of the data in tables 1 and 2 .shows that substan- 
tially eciuivalent quantities of acetic acid were reduced in the 
absence and in the pre.sence of gaseous hydrogen, d'he results 
indicate that under the conditions molecular hydrogen was not 
activated to serve in the reduction of acetic acid. Apparently a 
more active form is required. In substantiation we have found by 
means of the Thunberg techniqiu* that molecular hydrogen is not 
activated by A. indulogciu’s with methylene blue as acceptor. 
In the presence of a mixture of oxygen and In'drogen less acetic 
acid was reduced and reduction products (ethyl alcohol and 2,3- 
butylene glycol) were somewhat lower. Although hydrogen 
could not be determined on these fermentations the oxidation- 
reduction indexes, being close to 1.0, indicate that no appreciable 
quantities of hydrogen were liberated. The data in table 2 show 
that acetic acid is more readily activated as a hydrogen acceptor 
by A. indologenes than is molecular ox 3 ’'gen. 

SUMMARY 

Aerohacter indologenes dissimilates acetic or succinic but not 
lactic acid in the presence of glucose and under anaerobic condi- 
tions. 

Although gaseous hydrogen is a product of the fermentation of 
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glucose by A. indologenes, no appreciable quantities are produced 
when glucose is fermented in the presence of sufficient acetate. 
Escherichia coli behaves differently. 

The evidence indicates that in the case of ..4. indologcnes acetic 
acid is reduced and condensed to 2,3-butylene glycol, probably 
through acetaldehyde and acetylmethylcarbinol as intermediary 
stages. Molecular hydrogen is not activated to reduce the acid. 
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INTHODT^C^TION 

111 tlio sccoiul paper of this scries Streptococcus pyogenes was 
described, and it. was stated that among the 120 scarlet fever 
strains in our collection, 74, or 01.0 per cent, had the characters 
of that speeit's. Strains from a great variety of other streptococ- 
cus diseases also agreed with S. pyogenes. It was stated that 
another group included only scarlet fever strains. That group 
will be described in this paper. 

NOMENCL.ATURE 

On account of the technic.al bmitations of the early bacteriolo- 
gists, they %vere unable to describe strains fully enough to be 
identified with groups recognized as species many years later. It 
is logical, however, to applj' the name Streptococcus scarlatinac, 
which Klein gave in 1887 to his scarlet fever strains, to a group 
which apjiears to be specific for scarlet fever. (In the earlier 
paper the rea.sons were given for not applying the name S. scar- 
laiinac to the <S. pyogenes group which, according to our data, 
appears to be the most common cause of scarlet fever.) 

Andrewes and Border were the first to recognize a distinctive 
character of a group of streptococci which they observed to be 
associated particularly with scarlet fever. They described the 
type as capable of fermenting sucrose, lactose, and raffinose, but 
not inulin, salicin, coniform, or mannitol. They considered the 
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likelihood that this group of organisms was the same as Klein’s 
S. scarlaiinae, but rejected the idea on the basis of the frequent 
incapacity of their streptococcus for growth on gelatin at 20°C. 
They gave it the name Streptococcus angiuosus. Writing before 
it had been established that st reptococci can produce scarlet fever, 
Andrewcs and Hordcr stated that it seemed likely that if scarlet 
fever is a streptococcal disease some form of S. anginosus would 
be found to be the causal agent. 

Andrewes and Border did not offer a clear definition of S. 
anginosus, for, as the data presented in this paper will show, dif- 
ferences in ability to grow’ at 20°C. are not sulfKaently definite 
to be regarded as a differential test for the classification of scarlet 
fever strains. Hence, the introduction of t he new name S. angi- 
nosus for the salicin-nonfermenting group was not justifiable. 
Since it has been commonly used, how’ever, it must now be re- 
garded as a synonym of S. scarlaiinae. 

Andrewes and Hordcr described 25 variants of S. anginosus 
which differed from their type strain in fermentation reactions. 
Ten of the variants were capable of fermenting salicin. They 
found their poorly-defined S. anginosus not only in scarlet fever, 
but occasionally also in other sore throats, as well as in other 
diseased conditions. They observed, however, that it is rarely 
associated with suppuration. According to our data, it appears 
that Andrewes and Border would not have found such a wide 
distribution of S. anginosus in other than scarlet fever and sore 
throat cases if they had limited the species to strains incapable 
of fermenting salicin. 

Holman defined the species S. anginosus more clearly by limit- 
ing it to strains capable of fermenting lactose but incapable of 
fermenting mannitol or salicin. He confirmed the observation 
of Andrewes and Border that few’ strains of this group are found 
to be the causative agents in purulent conditions. 

The preceding review has showui how the specific name angi- 
nosus came into use for the group of streptococci to which, as it 
now appears, the name S. scarlaiinae should apply. For the 
following reasons the writer accepts the specific name S. scar- 
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Intinae'^ for the group of streptococci associated with scarlet fever 
and distinguished by inability to ferment salicin: 

(!) It was the first sp(!cific name given to streptococci associated 
witli scarlet fever; (2j it is a suitable name, implying the spec- 
ificity for scarlet fever which, as will bo shown later, the group 
possesses; (3) a strain (“N. Y.5”,t of this group, designated as 
jS. ftcarlaiinae in the Catalog of the American Type (’ulture 
('ollection, is commonly used by the mai'ufacturers for the pro- 
duction of scarlet fever antitoxin, on account of the potency and 
Iiolyvalcncy of its toxin. 

A number of writers have designated as S. scarlatinae any 
streptococcus which fails to ferment salicin. The errors resulting 
from relying on fermentation re.actions alone for the classification 
of streptococci were discus, sed in the preceding paper of this series. 
It. happens, however, that according to our data, although there 
arc other groups of hemolytic streptococci associated with other 
ilhseases whkdi fail to ferment salicin. nevertheless among scarlet 
fever strains failure to ferment salicin is a distinctive character. 
In our collection of 395 strains of hemolytic streptcx'occi from 
human disiaise souri'es. the strains belonging to the species S. 
scarlniinac are the only ones which fail to ferment salicin, except- 
ing the strains of one .small group whiih disagrees with S. scar- 
latiiiac in other characters and appears to be incapable of causing 
scarlet fever, and some of the strains of “minute hemolytic 
streptococci” of Long and Bliss which, on account of their very 
slow and sparse growth, would hardly be confused with S. scar- 
latinae. Hence, whenever saliein-nonfermenting scarlet fever 
streptococci are mentioned in the literature, it is reasonably 
certain that S. scarlatinae is the species under dis(;ussion. 

^ There is a question in the mind of the writer as to whether it mi#?ht not be 
more lojjical to rej^ard the group of saliein-nonfermenting strains as a variety or 
Bub-speeies of S. pyogenes. Since, however, bacteriologists generally regard every 
clearly defined group as a separate species, and since in writing or speaking it is 
awkward to give species and sub-species designation, the group is referred to as a 
species in this paper. At any rate the name scarlatinae is the valid name for the 
saliein-nonfermenting group of scarlet fever streptococci, whether the group be 
regarded as a species or a variety. 
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THE CHARACTEES OF STRErTOCOCCUS 8CARLATINAE 

The differential characters® of S. scarlatinae are like those of 
S. pyogenes (see tlu' soc'ond paper of this series), excepting that 
S. scarlatinae does not ferment salicin. The characters of the 
type strains of the two species arc given in table 1. Although 
the two sp(H‘ies are distinguished by only one of the differential 
tests, t his test gives an olJ^'iously valid distinction, because ina- 
bility to ferment salicin is correlatcid with definite pathogenic 
properties. Our data show that S. pyogenes is capable of causing 
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not only scarlet fever, but also ciysipelas, puerperal fever, and 
many kinds of acute suppurati^■e diseases, whereas it appears 
that S. scarlatinae may be specific for scarlet fever, (or sore throat 
without the rash,) for in our collection of 202 strains of hemolytic 
streptococci from all kinds of human streptococcus diseases other 
than scarlet fever, not one agreed with S. scarlatinae. 

In addition to the one differential test which distinguishes 

® TJie methods for determining the eharacters were described in the first paper 
of tliKs series. 
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S. scarlatinae from S. pyogenes, there are other differences which 
may be observed when a number of strains of the two species are 
compared, but they are not sufficiently definite to be useful for 
the identification of individual strains. 

On 10-j)er-cent-bile blood agar 42.8 per cent of 14 strains of the 
S. scarlatinae group grew as (compared with 17.G per cent of the 
74 scarlet fever strains of the S. pyogenes group. 

Nineteen scarlet fever strains of S. pyogenes and thirteen strains 
of S. scarlatinae were compared as to their ability to dissolve 
human plasma. The results summarized in table 2 show that, in 
general, the strains of S. scarlatinae possess weaker fibrinolytic 
power than the scarlet fever strains of S. pyogenes. 

TABLE 2 


Comparison of fibrinolytlr properties of scarlet fever strains of the species S. pyogenes 

and S, scarlatinae 


DEOIIBK OF 
riBRlNOLYHlB 

8. PTOGENEH (19 STKUNH TB8TE1>) 

8. SCARLATINAE (13 STRAINS TESTED) 


number 

per cent 

7iumber 

per cent 

+ + + + 

4 

21 1 

0 

0 


1 

6 2 

0 

0 


8 

42.1 

2 

15 4 

-f 

6 

2G.3 

7 

53 8 

— 

1 

5.3 

4 

30 8 


The virulence of S. scarlatinae for mice is low. Among 9 strains 
which had been maintained in laboratories for years, 7 failed to 
kill mice in the lowest dilution tested (1:100); 2, including the 
type strain, killed mice in the 1:1000 dilution of the passage 
strain. 

The observation of Andrewes aud Border that saliciu-noufer- 
menting strains would not grow at 20'’C. could not be confirmed. 
Of twelve strains of S. scarlatinae examined for this character, all 
grew at 20°C., as did also a similar number of strains of S. pyo- 
genes. No difference could bo observed in the rate of growth 
of the strains of the two species at this temperature. 

The serological classification of representative strains of S. scar- 
laiinae has been determined by several investigators. Two 



26 


ALICE C. EVANS 


strains of our collection (nos. 642 and 646) were studied sero- 
logically by Williams, and also by Griffith. Williams placed 
them in her agglutinative type 3, and stated that all of her scarlet 
fever strains of type 3 belonged to the anginoms group, failing to 
ferment salicin. Griffith placed strains 642 and 646 in his type 10, 
which appears to be the same as Williams’ type 3. It would 
appear from the work of these tw'o investigators that the strains 
of the species S. scarlatinae all belong to the same agglutinative 
type, whereas the strains of S. pyogenes belong to a number of 
agglutinative types, as was shown in the previous paper. 

Dr. Elizabeth Verder, associated with the writer, has studied 10 
S. scarlatinae strains and found that they all belong to Lance- 
field’s group A. 


THE TYl’E STRAIN 

It seemed logical to choose for the type stram of S. scarlatinae 
the one which, on account of its polyvalency and the high potency 
of its toxin, has been widely distributed among laboratories for 
the production of scarlet fever antitoxin. Hence, strain 642, 
isolated many years ago from a case of scarlet fever by Dochez 
and known in the literature as “N.Y.5,” was chosen for the type 
strain. It has been deposhed in the American Type Culture 
Collection where it was already listed as S. scarlatinae no. 
4543. 

Strain 642 is sensitive to phages B/oC-S, C/594 and C/646 in 
the nascent state; it is not sensitive to D/G93 in the nascent 
state, or to Ijdic filtrate B/56.3; under the conditions of the test, 
final pH in glucose broth is 5.4; lactose find trehalose are fer- 
mented ; salicin, mannitol, and sorbitol are not fermented. Growth 
occurs on 10-per-cent- but not on 40-per-cent-bile blood agar; 
sodium hippurate is not hydrolyzed; fibrinolysis of human 
plasma is weak, occurring between the 3rd and 24th hours or 
failing; mice are killed in the 10"* dilution in a series of rapid 
passages. 

The cells of strain 642 are Gram-positive, and in broth culture 
they occur in pairs or chains, many of which are long. On infu- 
sion agar containing 6-per-cent rabbit blood, after 48 hours’ 
incubation, the colonies of the stock strain are smooth, convex. 
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discrete. The largest isolated colonies are about 1 mm. in diame- 
ter. A zone of clear hemolysis about 1 mm. wide surrounds the 
colonies. 


THE SOURCES OK S. SCARLATINAE STRAINS 

Our collection contains 14 »S. acarlaiiTMe strains. They were 
from the following geographical sources; 

From the United States, 5 strains; from Argentina, 3 strains; 
from Austria, 3 strains; from Hungary, 2 strains; from Russia, 
1 strain. 

The previous designat ions of our strains belonging to the species 
S. scarlatinac which have been studied by other investigators 
iire as follows: Dochez’ N.Y. 5 and .53 (American Type Culture 
Collection nos. 4.543 and 4014); Williams’ no. 57, type III; 
Dick IV: Michigan Department of Health no. 322; Andrewes 
and (.'hristie’s “Moscow 81.” At Iciist four of these strains are 
used by various lalxjrjitories for the production of antitoxin. 

The four strains designated asS. scarlatinac listed m the Catalog 
of the American Type Culture Collection (third edition, 1934) 
were studied. As stated above, two were found to have the 
characters of S. scarlatinac. The other two were found to belong 
to other streptococcal species. 

PREVALENCE OK S. SCARLATINAE 

Fourteen, or 10.5 per cent of our 133 scarlet fever strains agreed 
with S. scarlatinac. W’illiams reported about the same per- 
ceut.age of salicin-nonfermenting strains in her collection. Seven 
out of 08, or 10.7 per cent of her scarlet fever strains failed to 
ferment saliciu and agreed with her agglutinative type 3. Bliss 
found no .strains which failed to ferment salicin among the 25 
scarlet fever strains which he studied. 

Apparently S. scarlatinac was not common hi England when 
Griffith collected his strains of streptococci. He found no scarlet 
fever strains belonging to liis type 10, which, as already pointed out, 
appears to be made up of S. scarlatinac strains. However, he 
isolated strains of his type 10 from 12 cases in a school outbreak 
of sore throat. 

Although Griffith failed to find S. scarlatinac among the English 
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scarlet fever strains, it seems to have been prevalent in England 
three decades earlier, when Andrewes and Border were so im- 
pressed with tlie frequency of salicin-nonfermenting strains in 
scarlet fever throats that they predicted that if it would ever be 
shown that a streptococ(rus is the etiologic agent in scarlet fever, 
S. anginostis, as they called it, would be found to be the one 
concerned. Thus, it appears, there was a wave of S. scarlatinae 
infection spread over England in 1900, but this organism was 
uncommon in England when Griffith collected the streptococci 
which he st udied. In later pajiers of this series similar waves of 
other species of hemolytic streptococci will be noted. 

Hence, although the geographical sources of our strains show 
that S. scarlatinae is widely distributed, our data and tlie informa- 
tion in the literature lead to the conclusion that S. scarlatinae 
is not always and everywhere a common cause of scarlet fever. 

THE DISEASE SPECIFICITY OF 8. SCAULATINAE 

As previously stated, Andrewes and Border ob.ser\'ed a rela- 
tionship between tin; presence of S. anginosus in the throat and 
symptoms of scarlet fever. They also noted that S. anginosus 
was only rarely a.ssociated vvith supjniration. They found it in 
disease conditions other than scarlet fever, but as we have already 
pointiid out, the witler di.strif)ution they report(‘d, as compared 
with the marked disease specificity which we found, can be ex- 
plained by the fact that Andrewi's and HordiT considenai certain 
salicin-fermenting strains to be variants and reported them as 
aS. anginosus. 

It is more difficult to understand why Holman found 6'. angi- 
nosus in a variety of disease condition.s, for he limited the species 
to salicin-nonfermenting strains. However, Holman confirmed 
the observation of Andrewes and Border that remarkably few 
strains of this giouji could be definitely classed as the causative 
agent in purulent, conditions, l>ut that they are frequently asso- 
ciated with scarlet fever. 

According to our data, it would appear that S. scarlatinae has 
a disease specificity, for among 2(52 .strains of hemolytic strep- 
toco(!ci from human diseases other than scarlet fever, not one 
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agreed with S. scarlatinae. From the observation of Griffith, 
already quoted, however, and from the following observation of 
Williams, there seems to be no doubt that S. scarlatinae may 
cause sore throat without a rash. Williams reported that 4 
strains of streptococci from cases of septic sore throat during an 
epidemic were found to agree with S. anginosus and with her 
type 3 agglutinative group. The epidemic occurred among the 
members of the staff of a contagious disease ho'-pital, and was 
thought to have started from a ca.se of scarlet fever. No ra.sh 
developed in the sore throat subjects, all of w'hom had had scarlet 
fever, or had been recently immunized with scarlatinal vaccine. 

CAN B. SCAItLATINAE INFECT COWS? 

None of the strains of S. scarlatinae in our collection w’as from 
a milk-borne epidemic, liie present study is not extensive 
enough, however, to conclude from these data that S. scarlatinae 
may not infect the cow’s udder. The literature yields no infor- 
mation on this point. Frost, Gunirn and Thomas described a 
milk strej)tococcus characterized by inability to ferment salicin, 
which differeil from S. scarlaliruic, however, in its ability to pro- 
duce a higher degree of acidity in broth culture, and in its ability 
to hydrolyze sodium hippurate. These characters indicate that 
their strains w^ere of the animal type. 

Minett and Htableforth also described salicin-iionfermenting 
strains of hemolytic streptococci from cow’s milk. They were 
peculiar strains, capable of fermenting both trehalose and sorbitol. 
In their ability to produce acid in sorbitol they differed from 
S. scarl-atinae. Smith and Brown and also Jones reported that 
they found in cow’s milk streptococci incapable of fermenting 
salicin. Their studies were made before the usefulness of treha- 
lose and sorbitol for the differentiation of human and animal 
strains had been discovered. It now appears probable that their 
strains were of the animal type. 

DISCUSSION 

Having classified 61.6 per cent of scarlet fever strains of our 
collection in the species <S. pyogenes (see first paper of this series), 
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and 10.5 per cent in the species S. searlatinae, there remain a 
considerable percentage of scarlet fever strains which do not agree 
with either of these two species. They belong to other species 
which will be described in later papers of this series. 

The confusion which resulted from basing the classification of 
hemoljiiic streptococci on disease source should be dispelled when 
disease problems are reconsidered in the light of the newer knowl- 
edge of streptococcal classification. The fact that different spe- 
cies of streptococci may be involved in different scarlet fever 
epidemics offers a possible explanation as to why the character 
and severity of the disease, the occurrence of secondary infections, 
and the mortality rates are subject to wide variations in different 
epidemics. 

Considering the observations of the pyogenic property of S. 
pyogenes and the lac.k of this property in S. scarlnU'uae, it may be 
expeiited that complications will be found to occur more com- 
monly in scarlet fever epidemics caused by S. pyogenes than in 
those caused by S. searlatinae.. An observation made in the 
Contagious Disease Hospital, Chicago, by Dack, Woolpert and 
Hoyne is of interest in this connection. They found that the 
strains from complicated cases of scarlet fever are more actively 
fibrinolytic than strains from uncomplicated cases. Their obser- 
vation is harmonious with our observation that the strains of 
S. pyogenes are more actively fibrinolytic than the strains of 
S. searlatinae. 

So many difficulties attend the cla.ssification of hemolytic strep- 
tococci according to toxin production that a full understanding 
of the quality of toxin produced by t he several species of scarlet 
fever strains is impossible at this time. The quality of toxin 
produced by streptococci Is a diifinite chai'acter, however, and a 
practical method for qualitative determinations on large numbers 
of cultures will probably be found sometime. The limited data 
at hand suggest that grouping according to toxin production is 
correlated v/ith other characters, as was to be expected. If, in 
the future, any group which is described as a species in the present 
series of papers is found to include more than one group as deter- 
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mined by toxin production, the group would then be further 
subdivided accordingly. 

Although the species S. scarlatinae includes only 10.5 per cent 
of scarlet fever strains, Wadsworth and Coffey found that the 
antiserum produced by the type strain neutralized the toxin pro- 
duced by 67.3 per cent of scarlet fever strains. Hence, if the 
strains of the .spe(;ies S. pyogenes, which when judged by our 
collection includes 61 .6 per cent of scarlet fever strains, all produce 
toxin of the same neutralizing quality, the corollary statement 
may be made, that, t he toxin produced by strains of the species 
S. pyogenes must be neutralized by antitoxin produced by 
“N.Y.5.” As a matter of fact, the sum of the percentages of 
the scarlet fever strains of the two species in our collection (61.6 -t- 
10.5 = 72.1) gives a figure as close to the percentage of scarlet 
fever strains found bj’ Wadsworth and Coffey to be neutralized 
by “N.Y.5” serum as would be expected when two collections 
are compared with reh'rence to a single character. 

There are in our collection of S. pyogenes 23 strains, the toxin 
of which has been studied by other investigators and found to be 
neutralized by “N.Y.5” antitoxin. Three of the strains w’ere 
from cases of scarlet fever ; ten from erysipelas; two from puerperal 
fever; two from septic sore throat; two from cases of rheumatism; 
one from suppurative arthritis; one from pleurisy; and two were 
from cow’s milk i.solated during septic sore throat epidemics. The 
toxin of three of the 23 strains was studied by Eagles; that of two 
strains was studied by Williams and Gurley; that of tw'o strains 
was studied by Wadsworth and Coffey. M. V. Veldee of this 
laboratory studied 16 of the 23 S. pyogenes strains, carrying out 
the ncut ralizal,ion test on the rabbit's ear. The writer is indebted 
to him for permitting this statement to be made from unpublished 
data. Dr. Veldee also examined tw'o other S. scarlatinae strains 
(Dick IV and Williams type 3, no. 57) and found that their toxin 
is neutralized by “N.Y.5” antitoxin. 

SXmMARY 

In our collection of 395 strains of hemolytic streptococci 
from various hiunan diseases, there is a group of 14 strains, all 
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from cases of scarlet fever, which is distinguished from Strepto- 
coccus pyogenes by lack of ability to ferment salicin. The group 
is described in this paper. From a review of the literature it is 
concluded that the logical designation for this group is Strepto- 
coccus scarlatinae. The species name “anginosus” is a synonym. 

Agreeing with the findings of other investigators, the data show 
that Streptococcus scarlatinae may cause scarlet fever or sore 
throat without rash, but that it is rarely, if ever, the cause of 
other diseases. The strains of this group are weak in their 
ability to dissolve human fibrin. 
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In 1913 Smith and Brown (lOlSj isolated from the milk of 
four eows in a herd where mastitis was prevalent, four strains of 
stre])toeocei with tlie hemolytic properties to be described. In 
tlu! j)rimarj’ blood agar plate the deep colony of one strain was 
surrounded l)y “a clear inner circle (of hemolysis) three milli- 
meters in diameter and a partly cleared outer zone, up to ten 
millimeters in total diameter.” Later study and repeated re- 
plating in blood agar hjis shown t hat the.se four strains are alike 
in all Hispects. One of them, designated Streptococcus A-18 
(Cow) B, has been described and photographed by Brown (1919). 
Apparently similar strains were isolated from horses by Jones 
(1919) who also published a photograph of one of them. Since 
then, many strains producing similar appearances in blood agar 
have been isolated from bovine and human sources. A brief 
description has been published (Brown, 1934). 

The method for demonstrating the double-zones is as follows. 
To a tube of infusion agju', melted and cooled to 45 to 50°C., is 
added about 1 cc. of defibrinated blood and a loop of suitably 
diluted culture. The dilution of the culture should be such that 
there may be fewer than 100 colonies in the plate. Mter thorough 
mixing the inoculated medium is poured into a Petri dish and 
allow'ed to harden. The plates are incubated at 37°C. and then 
refrigerated. During the first 24 hours of incubation deep colo- 
nies with small zones of hemolysis appear and become larger as 
incubation is continued. Usually the zones of hemolysis have 
a rather poorly defined periphery but they will be found to be 
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clear immediately next to the colony and are therefore of the 
beta type. To determine this, the colony should be viewed in 
optical section under the 16 mm. objective of the microscope 
(figs. 1, la, 2, 2a). When the plate is refrigerated there appears 
a broad outer zone of partial hemolysis, resulting in the so-called 
“double-zone” (figs. 3, 3a, 3b). It is to be noted, however, that 
between the inner clear zone and the outer partly hemolyzed zone 
is a fairly distinct ring or zone of unhemolysed blood corpuscles. 
Throughout the zones there is no greenish or brownish discolora- 
tion such as appears in alpha zones. For comparison there are 
shown in figmes 4, 4a, 5 and 5a, photographs of streptococci pro- 
ducing alpha and single beta zones in blood agar plates similarly 
incubated and refrigerated. 

Although streptococci producing the above described appear- 
ance in blood agar were often isolated from mixed milk and the 
milk of cows with mastitis between the years 1915 and 1928, it 
was not until December of the latter year that a strain producing 
a similar appearance was obtained from a human source. Since 
then, over 100 strains have been isolated from human subjects 
during life and post-mortem. During life, strains were isolated 
from the throat, vagina, urine, a gangrenous leg and the blood 
stream. Many of those irom the vagina and the. throat were 
not associated with pathological conditions in these localities. 
Strains were isolated post-mortem from the heart blood, lung, 
ventricular fluid, peritoneal fluid and an abscess of the neck, often 
associated with other bacteria. 

Various factors influence the readiness with which the double- 
zone appears, the degi'ee of hemolysis in the outer zone, and the 
density of the intermediate zone of unhemolysed corpuscles. If 
the plates are incubated only 24 hours and then refrigerated, the 
colonies and the double-zones are smaller than when they are 
incubated 48 hours before refrigeration. Usually the outer zones 
do not appear until the plates have been refrigerated, although 
they are likely to be manifest if the plates are left at room tem- 
perature after incubation and rarely may appear during the latter 
part of the period of incubation. 

Double-zones are not produced equally well in media tnndft up 
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with various kinds of blood. A few bovine strains produce the 
zones most readily in horse blood but others, and most human 
strains, do not form double-zones in this blood. In the media 
used, rabbit blood served best for most strains, and was used 
routinely for this work unless otherwise stated. In a series of 
representative bovine and human strains human blood gave about 
the same results as rabbit blood; beef and . heep blood were less 
satisfactory. 

With representative strains, pork infusion, veal infusion and 
beef infusion agars have been tried and each agar has been made 
with Wilson P, Witte, Bacto, Fairchild, Proteose and Neo- 
peptone. In all of these media and with either hor.se or rabbit 
blood all of the strains formed beta zones of varymg size, but 
in certain of the media .some of the strains failed to form double 
zones or some of the zones were atypical. A frequently encoun- 
tered atypical double-zone was one which lacked the intermediate 
zone of unhemolysed corpuscles. In all three infusions typical 
double-zones were obtained most frequently when rabbit blood 
and Witte, Neo-, or Wilson P piiptone were used.* Rarely a 
strain failed to form double-zones in one of these media but formed 
them in another. The reaction of the agar used was about pH 7.(5. 
In extract agar made with Wilson P ]jcptone all of a few repre- 
sentative strains formed double-zones with rabbit blood but not 
with horse or beef blood. 

Although more or less atypical double-zones appeared in vari- 
ous agars at pH 0.5, none appeared at pH 0.0. Reactions more 
alkaline than pH 7.0 were optimal for typical double-zone 
formation. 

Eight representative human and bovine strains were plated in 
duplicate in rabbit-blood veal infusion Witte peptone agar and 
incubated in Brown (1921, 1922) anaerobic jai’s. After incuba- 
tion for 48 hours, one jar was opened and the plates were ex- 
amined. All showed characteristic poorly defined single beta 

* It ia regretted that the results depended upon the use of proprietary products 
of incompletely known source, method of manufacture and composition. It is 
hoped that an investigation of peptones, now in progress, may help to remedy this 
aituatiou. 
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zones of hemolysis similar to those produced by the same strains 
under aerobic conditions. The plates from this anaerobic jar 
were then refrigerated aerobically and within a few hours showed 
double-zones. The other anaerobic jar containing a duplicate 
set of plates was refrigerated without being opened after incuba- 
tion for 48 hours. The double-zones formed in this jar were like 
those in the plates from the other jar refrigerated aerobically. 
It may be said, therefore, that these streptococci form double- 
zones after proper incubation and refrigeration under either 
aerobic or anaerobic conditions. 

At present it is impossible to offer an adequate explanation of 
the double-zone phenomenon although certain observations may 
be suggesti\'e. The alternate zones of hemolysis and unhemo- 
lysed corpuscles suggest Liesegang rings and this interpretation 
has been offered by Kortenhaus (1929) for somewhat similar zones 
formed by staphylococci and with respect to the alpha zones 
formed by pneumococci and alpha streptococci in blood agar. 
In an interesting series of papers Idzerda and van Everdingen 
(1932) have also indicated that these appearances in blood agar 
may be due to physico-chemical causes. Using hydrogen perox- 
ide, mercury, or an electric current as hemotoxic agents they were 
able to produce zones of alternate rings of hemolysed and un- 
hemolysed blood cells in sterile blood agar plates. The problem, 
however, is not as simple as it may seem. 

A comparison of the hemolytic action of double-zone strains 
with that of the well known pathogenic hemolytic streptococci, 
such as Streptococcus pyogenes which may cause scarlet fever and 
septic sore tliroat, may be useful. After incubation of blood 
agar plates for 48 hours tlie double-zone strains form relatively 
small poorly defined zones of hemolysis; Streptococcus pyogenes 
forms larger, clearer, better defined zones. Broth cultures of 
double-zone streptococci vary in their ability to lake 5-per-cent 
suspensions of rabbit blood cells within 2 hours at 37°C., whereas 
cultures of Streptococcus pyogenes produce complete laking. 
Apparently Streptococcus pyogenes Is more hemolytic than the 
double-zone streptococci and yet when 48-hour blood agar plates 
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hemolysis. Streaks Ila and Ilia are of beta streptococci and 
show wide zones of hemolysis without discoloration. The he- 
molysis is not interrupted at the crossing of Streak I by Streaks Ila 
and Ilia. At the crossing, however, edges of the hemolysed 
streaks are indented where the corpuscles under Streak 1 had 
become “fixed” before the hcmolvsis had advanced that far. At 
this time Streak I was again crossed by streaks of the two hemo- 
lytic streptococci and the plate again incubated. After reincuba- 
tion for 24 hours the result was as shown in figure 9. It is seen 
that in crossing Streak I, the hemolysis of Streaks Ilb and Illb 
is interrupted, the corpuscles underlying the growth of the alpha 
streptococcus having been fixed by it and rendered resistant to 
hemolysis by the beta streptococci (Brown, 1919). A similar 
experiment was conducted wit h a double-zone beta streptococcus 
in place of the alpha streptococcus (figs. 10 and 11). It was 
found that the unhemolysed corpuscles beneath the streak of the 
double-zone streptococcus were not rendered resistant to hemoly- 
sis by the bet a streptococcus. 

In view of the fairly common occurrence of double-zone beta 
hemolytic streptococci their lack of recognition may be due to 
several reasons. (1) It is nece.ssary that blood agar pour plates 
be inoculated since double- zones often appear only about the deep 
colonies. (2) There must be a smooth even distribution of the 
blood in the agar and not too many colonies, preferably less 
than 100. (3) Plates should be incubated 48 hours at 37°C. and 

then refrigerated overnight since the double-zone usually appears 
only after refrigeration. (4) The kind and amount of blood used 
are important. Routinely we have used defibrinated rabbit blood 
and this has been satisfactorj'^ although some bovine strains pro- 
duce double-zones more readily when horse blood is used. Horse 

Fio. 11. The same plate as shown in figure 10 after again cross-streaking with 
the single-zone beta hemolytic streptococcus (3) and incubating for another 24 
hours; natural size. 

Fig. 12. A double-zone beta hemolytic streptococcus in a blood a^ar plate 
incubated 48 hours and then refrigerated; natural size. Photographed in March 
1915. 

Fig. 13. The same strain of streptococcus as shown in figure 12. Blood agar 
plate incubated 48 hours and then refrigerated; natural size. Photographed in 
April 1936. 
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blood is not satisfactory for many strains of human origin. The 
amount of blood in the agar should be between 5 and 10 per cent 
or about 1 cc. of blood to 12 cc. of agar which, when poured into 
a 10-cm. Petri dish makes a layer of medium about 2 mm. thick. 
(5) The agar used has been a meat infusion agar with a reaction 
of about pH 7.6. Pork, beef and veal infusions have been tried 
as have also various peptones. Veal infusion with Witte peptone 
has given the most uniformly satisfactory results. Other com- 
binations give good results with certain strains but may fail to 
allow the production of double-zones with others. Further ex- 
periment is necessary to determine w'hether extract agar may be 
used with equally satisfactory results. 

That others may have observed tlie double-zones here de- 
scribed is indicated by the following quotations. “The strepto- 
coccus on the plates w’hich I show you this evening was isolated 
by Dr. Baumann from the blood of a case of phlebitis and para- 
phlebitis of the leg. On the blood agar plates it was noticed that 
after 24 hours the organism w'as surrounded by a clear area. 
Surrounding this clear area the blood on the plate was darker in 
color than on the rest of the plate. After forty-eight hours a 
second clear ring appeared outside of this area of darkened blood. 
In one observation the process extended so that there were three 
clear concentric rings about the streptococcus colony.” (E. Lib- 
man, 1905). Because of the lack of technical details it is impos- 
sible to decide whether the appearance described was alpha or 
beta. This is rendered more doubtful by a similar description of 
a pneumococcus colony by the same author in which he says 
“next to the colony was a clear ring, surrounding this was a ring 
of somew'hat darkened blood, outside of which there was again 
a clear ring.” (E. Libman, 1905). We know that the pneumo- 
coccus forms an alpha zone, often with considerable hemolysis. 
We must reemphasize that unless the deep colony in blood agar 
is studied under the microscope it is unsafe to make a diagnosis 
of alpha or beta zone. 

Taylor and Wright (1930) describe certain strains of hemolytic 
streptococci isolated from the human vagina whi(!h apparently 
formed double beta zones in blood agar plates left at room tem- 
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perature or refrigoraled after in( ul)ation. “In horse blood agar 
little or nothing happens except a slight lightening in colour, 
barely amounting to more than a haziness, at tlu^ periphery of 
the haemolysed zone. In rabbit-blood agar a similar zone 
develops much more commonly, at first as a wide belt, rather 
light in colour, surrounding tla‘ haemolysed zone next to the 
colony. Later, this belt tends to diffe’’''ntiatc into an outer 
haemolysed zone and an inner usiially (}iutc narnev unhaemolysed 
part. Further incubation for tS hours leads swuply to greater 
emi)hasis of the outer zoiu' of h;i(‘n)ol 3 "sis and sometimes to dis- 
appearance of tlu' intermediate tinhat'moly' ''d zone. . . . Thi're is 
one strain de.scribed In' Brown and illusliated in Figures 3-6, 
Plate 4, of his monograph illu.-i rating .i change not unlike what is 
here describi'd - the formation on horse blood ag.ar of a certain 
di.scolounition bej'ond the Inu'inohsed area.’' d'his de-scription 
agrees with our observations of tlie double-zone Iteta streptococci 
of which the one reh'ired to lij’ Taj'lor and Wright tvas one of the 
first that we i.solated. Tlie reference to “a certain discolotjration 
beyond the haemolysed area” is an error. We wt're careful to 
state on page 30 of tlie monograph “There is no discoloration,” 
meaning bj' this that the remaining corpuscles were red, not 
grecni.sh or brown. 

Stableforth (1932) slates tliat all of his strains of (troup I, 
tj’ix; b were somewhat, ju'culiar in regard to hemoh’sis. “After 
24 or 4S hours incubation a large part of tlie colonies were sur- 
rounded bj' a narrow Imt clear zone of hemoljsis outside which 
was produced a greenish ring similar to that found immediately 
around the colony of an alpha strain. Outside this ring of fixed 
cells was another in which hemolysis was again complete. This 
appearance does not exactly correspond to Brown’s description 
of an alpha prime (ai) nor in fact to any of Brown’s categories. 
There was, moreover, another character which pi’ecluded the 
placing of these amongst the alpha (ai) group, viz., the marked 
lysin production in fluid media. It shoxild be added that in 
strains of no other type was this strong double-ringed tendency 
observed.” It seems quite likely that Stableforth observed the 
double-zone beta appearance although the blood which he used 
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(ox-blood) has in our hands not been favorable for this purpose. 
The greenish discoloration which ho mentions may have been due 
to the medium used. We have noticed it when sheep blootl was 
used and it is favored by souk; ))rands of peptone. He did not 
recognize the [similarity of the appearance which h(i describes to 
the illustrations published by the author in 1919 (plate 4, figs. 3, 
4, 5 and 6). 

Hare and Colebrook (1934) describe strains of streptococci 
from boviiK' mastitis and from the human vagina which doubtless 
belong to the group of double-zone beta hemoljiic strepto(‘occi. 
They used horse-blood agar and state that “the zone of hemolysis 
is only complete in the immediate neighbourhood of the colony 
and outside this is a hazy zone consisting of islatids of unhemo- 
lysed cells in a hemolysed matrix. Brown (1919) figures this 
appearance in his monograph (plate 5, figs. 1,2, la .and 2a).” 
In dcfibrinat('d horse blood the corpuscle's normally are agglu- 
tinated. The “islands of unhemolysed I'clls” note'd b}' Han; and 
Colebrook are doubtless due to the fact that the larger aggregates 
of cells are le.ss readily hemolysed th.an others. Continuing, 
“With some strains from the human vagina and from the cow’s 
udder this partially lu'molysed zone may be (iuit(‘ wide and 
sharply demarcated from the Inner zone of complete lu'molysis.” 
These were probably what we call double-zones similar to those 
illustrated in plate 4, figures 3, 4, .5 and 6 of Uk' monograph 
(Brown, 1919). As stated above, some strains which produce 
double-zones in rabbit blood agar nvay not do so in horse-blood 
agar. This has been found to be true of the strain illustrated in 
Plate 5 (Brown, 1919) and r(;ferred 1<» by Hare and (’olebrook. 

Apparently the ability of these strains of strepto(;occi to form 
double-zones is not a transient (haractw-, but. is (piite stable. 
We have not noted its disapi)earance frojn any of the more than 
loO strains which v/e, hiive in cultivation. The first strains were 
isolated by Smith and Brown (1913; in 1913. In figure 12 is 
shown a blood agar plate of one of these strains photographed in 
1915. In figure 13 is shown a photograph of the same strain 
plated in 1936. Both show double-zones. Minor differences in 
the apijcarance of tire zones in the two photographs may be due 
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to uiire'cognizod varialioiis in the me(lia, })ut arc partly duo to 
differences in the methods of photography. 

SUMMARY 

The slrep(oc()(*ci of a certain group of beta-hemolytic streplo- 
('occi form dou))le zones in blood agar plates refrigerated after 
incubation. This characteristic persists after long periods of 
cultivation of thes(‘ strains. Tliese streplorocci are from human 
and animal sources. In a foithcoming publicau >n the cultural 
charactcu’istics of doubk-zone Ix'ta luimolytic streptococid will 
be described with some reference to their ‘<erol()gi(‘al grouping, 
source and pathogenic significance. 
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It is the purpose of this eomiuunication to record certain dis- 
sociative phenomena in JJacillus mhnotticida Emmerich and 
Weibcl (1894). This mifTodrganism, the etiological agent of an 
epizootic disease (‘'furunculosis”) of salmonid and other fishes, 
came to the attention of this laboratory through having been 
identified as a cause of disease amongst the cutthroat trout and 
Rocky Mountain whitefish in British ('‘olumbia (Dull, 1932, 
Duff and Stewart, 1933). Other work on B. salmonicida is 
adequately reviewed in the Reports of the Ministry of Agriculture 
and Fislierics, Great Britain (192!), 1933, 1935). 

Stock cultures of various British Columbia strains of Bacillm 
salmonicida have been carried in this laboratory since August, 
1931. Following 0 or more months of artificial culture a marked 
loss of pathogenicity occurred in all strains. Furthermore a 
gradual change occurred in the api^earance of colonies upon 
nutrient agar. Immediately after isolation of a strain from an 
infected fish, the colonies appeared glistening, conve.v, and trans- 
lucent. Stock cultures (ibout 6 months after isolation gave rise 
to colonies more strongly convex, distinctly opaque, and cream- 
colored. Changes in pathogenicity and colony formation were 
not accompanied by any change in the ability of the colonies to 
produce the diffusible brown pigment typical of the species. 
Occasional loss of pigment-produedng ability was noted in some 
stock cultures, but the ability could be recovered by rapid serial 
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plating, and in any case this variation could not be correlated 
with the dissociative activities about to be described. Such 
observations called for a more detailed investigation into the 
dissociative potentialities of the species, and to this end it was 
decided to attempt to enforce dissociation upon stock cultures by 
methods already applied successfully by other workers to other 
bacterial species (Hadley, Delves and Klimek, 1931). 

Three strains of B. salnionicida were selected: -Elk River 3 
(ER 3), Cultus Lake 6 (CL 6), and Stanley Park 2 (SP 2). From 
each of these a single-cell strain was derived by a method pre- 
viously described (Duff, 1929). ('ultures of each single-cell 
strain possessed the regular cultural and biocfhemical characters 
proper to the species, and gave rise to colonics on nutrient agar 
of the type described above for older sto(‘k (*ultures. Each strain 
was then subjected to serial subculture at 48-hour intervals, at 
19 to 21°C., in the following media 

(a) Nutrient broth,* pH 7.0 

(b) Nutrient broth, pH 8.0 

(c) Nutrient broth, pH 7.0 phis 0.25 per cent lithium chloride 

(d) Nutrient broth, pH 7.0 plus 0.1 per cent phenol 

Transfers consisted of 3 drops from a Pasteur pijiettc. At the 

moment of transfer, a drop of the cxdture was also spread upcjii 
the surface of a nutrient agar plate by means of a glass spreach'r. 

No changes in colony appearance otaairred in any strain during 
transfer in plain nutrient brot h (either at pll 7.0 or pH 8.0) up 
to the fortieth transfer, when lhe.se series were discontinued. 
Definite dissociation into two clear-cut colony types, with inter- 
mediate forms, occurred in .all three strains under the influence of 
lithium chloride broth and of phenol broth. 

DISSOCIATION IN PHENOL BKOTII SERIES 

The behavior of each strain under t he influence of phenol broth 
was, except for minor details, identical; the description given 
below of dissociation in the SP 2 .strain may be regarded as typical 
of all three single-cell strains. Nutrient agar spread plates made 

* Bscto Dehydrated, ■'Digestive Ferments Company. 
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from 3 drops from the 48-hour growth in the first and second 
serial tubes gave rise to 30 to 40 (;olonies of relatively great size 
(5 to 8 mm. diameter in 06 hours) in place of the several hundred 
colonies of normal size (about 2 mm.) arising on a plate when 
spread with the same amount of inoculum, of equal turbidity, 
from plain broth or from lithium chloride broth. These giant 
colonies produced the 1yi)ical diffusible brown pigment with 
marked intensity. Platings from the thhd tube of the series 
yielded similar giant colonies, and in addition some 20 colonies 
per plate, which had a highly convex center of the usual consist- 
ency, surrounded by an anmdus of thin, flat transparent grow’tli 
with entire edgt*. Platings from the fourth serial tube yielded 
again the colony types descrilieu for tube three, and in addition 
numerous colonies, approximately 1.5 mm. diameter, which 
appearial to have a rougheni'd surface. Examination with a 
hand lens showed that tlie roughness was due to the presence of 
large numbers of minute secondary papillae on and below the 
surface of each colony. 

There were thus tliree abnormal colony types arising out of 
pa.ssage of the organi.sm through phenol broth —“giant,” annular, 
and papillateil colonies. Further platings on nutrient agar were 
made from the “giant” colonies, from the central body and 
annulus of the annulatcd colonies, and from the papillae of the 
papillated type. It proved impossible to obtain a satisfactory 
sample of the body of the latter colony type free from papillae, 
but the papilhie t hem.selves could be touched at the center with a 
fine needle and so obtained in presumably pure form. Material 
obtained in this way was rubbed into a few drops of sterile saline 
in a sterile tube, and plates were spread with the suspension. 
Nutrient agar plates spn'ad from the “giant” colonies showed an 
immediate reversion to the normal stock colony type. Plates 
spread from the body and periphery of the annulated colonies also 
show’cd immediate reversion to the normal stock type. 

In contrast to the complete reversion of these variants, platings 
from papillae showed colonies of the original (stock culture) type, 
but in addition approximately equal numbers of a new colony 
form, together with a number of colonies of an intermediate type. 
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Selected colonies of the two distinct types when replated gave 
rise only to colonies of the same description as that of the parent 
colony, wh('reas platings from the intermediate type of colony 
always showed a further breaking up into the two major and the 
intermediate colony types. 

DESCRIPTION OF DISSOCIANTS 

The colonies resembling those of the original stock culture were, 
after 48 hours incubation, opaque, strongly convex and cream- 
colored. 'fhey possessed a physical consistency which permitted 
the entire colony to be pushed about on the surface of the agar 
with a cool loop, without disturbing the form of the colony or 
leaving immediate traces of its passage; on the surface. When 
seeded to nutrient broth, growth appeared in t lie form' of light 
flo(;(;ules, having a tendency to settle rapidly to the bottom of the 
tube leaving the supernatant fluid clear. The morphological, 
fermentative, and pigment-producing (‘haractcristi(;s of this 
culture type were those characteristic of B. salmonicida. The 
new colony type was entirely difTerent from that of the initiating 
culture, and corresponded more closely with the kind of growth 
observed immediately afte;^ isolation of the organism from 
disea.sed fish, t’oloiues on agar at 48 hours were translucent, 
only slightly convex, and .showed a slight but deiinite bluish-green 
color by transmitted light. The consistency of these ci'lonies 
was butyrous, so that a loop pu.shed against them would destroy 
the structure and smear the growth over the agar surface. 
Growth in broth appi'ared as a uniform turbidity, with little 
sedimentation except in cult ures 72 hours or more in age. Mor- 
phological, fermentative, and pigment-producing characteristics 
were again those typical of B. sahnonicida. 

PATHOGENICri'Y OF DISSOCIANTS 

The goldfish (Carassius aurafus) was utilized as a test fish, 
having previously givei' consistent results in our work in testing 
the pathogenicity of freshly isolated strains of B. salmonicida. 
Three strains of the cream-opaque type of colony, and three of 
the green-translucent, were .selected for testing. Each strain was 
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inoculated into 3 goldfish. The fish were inoculated intraperi- 
toneally with 0.1 cc. of a No. 4 McFarland suspension made 
from a 48-hour broth culture of the strain in question. 

In the case of all three .strains derived from the green-translu- 
cent colony type, all fish died within 9 days, with lesions typical 
of the disea.se. li. salmonic.ida, of the same colony phase as was 
used for inoculation, was recovered from the kidneys and heart 
blood of the fish. In two of the strains derived f om the cream- 
opaque type of colony, the fish survived for over -iO days without 
sign of illness. In tlie n.maining strain, 2 fish survived for 30 
da 3 '.s, the third died in 20 days, and a rnii.t d culture of B. ml- 
tiKinicida (cream-opaciue t 3 'pi t I’T-.d Paeudomonas pyocyaneiis 
was recovered from the blood and kidney. The fish showed none 
of the lesions typical of “furunculosis.” 

DISSOCIATION IN LITHIUM CHLORIDE BROTH SERIES 

'Fhis incitant, just as was the case with phenol broth, exerted a 
rein.arkably uniform influence upon the three strains of B. sal- 
monicida involved. Under its intluoncc the same stable variants 
arose, altliough the time reiiuired for their production w'as much 
longer than in the plu'iiol broth .series. Moreover in the lithium 
chloride broth series th(' stable variants appeared directlj' upon 
plates made from certain tube.'^ in these series, instead of being 
derived secondarily from papillated colonies, as was the ca.se with 
phenol broth. 

Table 1 records the fact that dissociation commenced in one 
strain in the 15th, and in the other two strains in the 17th serial 
subculture, lip to the time of the first appearance of dissocia- 
tion, progress w'as followed by making only one spread plate from 
the current serial tube. At the first sign of dissociation the 
sampling from each tube w'as increased to three spread plates. 
The percentage distribution of dissociants recorded in the table is 
therefore based on a count of only one plate for the first day on 
which dissociation w'as observed, and thereafter on a count of 
three plates. The variants recorded in the columns R and S of 
the table corresponded exactly with the description already given 
for these types as derived from phenol broth, the cream-colored, 
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opaque colony tyjie being recorclecl in column R, the greenish, 
translucent tyi)e under column 8, and intermediate types under 
column 118. It will be noted that in each strain, the original 
colony type gradually gave way over a period of days to more and 
more of the new form. As with the variants recovered from 
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papillated colonies in the phenol broth series, replating of selected 
cream-opaque green translucei.t colony types produced cultures 
many of which remained constant in { haracter even after mainte- 
nance in the laboratory for over a year. 

. The patbogcnicitfy of the two colony types d(Tived from lithium 
chloride broth was tested in the same manner as for the phenol 
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broth (loriv!itiv('s, and with the same result- - the gri'en-translu- 
ceiil type provinp; jiathogenic, tlie cream-opaiiuo noii-pathogenic. 

I’wo methods of enfortting dissociation ujion single-cell stock 
strains of Ji. mhnonicida ha\e therefore each yielded ttie same two 
cultural types. Oni', the cream-opaque type, is non-pathogenic, 
more stable on prolonged cultun-, produces flocculent growth in 
broth, and friable colonies on agar. Tb ■ other, the green- 
translucent, is patliogenic, jiroducing on inoculat’on the typical 
lesions of the disease, less stable on prolonged culture, gives a 
homogeneous clouding in lire :h. and but^'rous colonie.s on agar. 
These cultural ty]H's of Ji. Rahvinicida ilius ^i.ow resjiectively ihc 
major characteristics of the tv - ela' ueal dissociant forms, rough 
(It) and smooth (iS), tirst de.'cribed, by .Arkwright (U)2I) for 
members of the colon-typh >iil dy.sentery group and since recorded 
by others for many species of microorganisms. They seem 
naturally to fall into tho standard classification as the Rough and 
Smooth forms of liardhiH .snlnuniicida. 

If is to be noti'd that the laboratory methods used to enforce 
dissociation on Jinrilhis mhnmicida were apidied to the non- 
pat hogenu', U phase of the microorganism, and resulted in the 
production of the pathogenic, S ])hase. While the general 
tendency amongst bacteriologists .seems to have been to regard the 
R, phase of a species as th(> mori' stabh' stage, reverting with 
dithculty or not at all to the 8 type, several works may be quoted 
which record the iiroduction of »S from R forms in a variety of 
microbic species. ,h)rdan ( l!)2(b ri'cords R to S transformation in 
Sdnittnviln ftchottnnirlhri. ('.rillith (1928), Neufeld and Ivevin- 
thal (1928), Reimann (1929), and Dawson (1930) were able by 
means of an in viro technicnie to transform K forms of the pneu- 
mococcus into the S forms of the homologous or heterologous 
type.s. Daw.son and 8ia (1930) and Alloway (1932) achieved the 
same results by entirely in vifro methods. IVtroff and Steenken 
(1930) record the R to 8 transformation in certain strains of 
Mycobacterium tuberculosis. Reed and Rice (1931) effected the 
transformation of a bovine strain of t his organism from R to S 
by rapid transfer through alkaline liuid media. Hadley, Delves 
and Klimek (1931) record R to S dissociation in the Shiga dysen- 
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tery bacillus when grown in certain lithium chloride broth and 
pancreatin broth scries. Torrey and Montu (1936) produced 
early and final R phases from an S culture of a virulent strain of 
Escherichia coli. The early R form, although awulent, readily 
reverted to the virulent S form. Spicer (1936) induced R to S 
dissociation in hemolytic streptococci of scarlet fever and ery- 
sipelas origin, by growing her cultures in beef-heart broth for 15 
to It) days. Wickerham and Fabian (1936) cfTccted R to S 
transformation in certain yeasts by growth in malt extract agar. 

APPE.4.nANCE OF THE G-TYPE CULTUBE8 

During the period when dissociation of the R to S type was 
occurring in the lithium chloride broth tubes, another colony form 
appeared on one or two occasions in each series, upon all of the 
tripli(*ate plates for each occasion. This phenomenon is recorded 
under column C of table 1. The.se colonies appeared in large 
numbers in t he case of SP 2 and (’LG strains, and in much smaller 
numbers in (he ER 3 strain. They were very small, (0.2 to 0.3 
mm.), transparent, and perfectly circular, and only became visible 
after 72 hours incubation. Slide preparat ions from the.se colonies 
showed a very small. Gram-negative coccoid microorganism 
(averaging 0.3g x 0.6 m) appearing in clumps in a manner similar 
to the arrangement of the larger B. salmonicida. (Jolonies of this 
third culture type were picked to .slant agar for future investiga- 
tion and will be referred to later. 

The 26th|lithium chloride broth tube in the SP 2 series, 
although it had received the usual inoculum (3 drops of 48-hour 
culture of the usual turbidity) remained apparently sterile after 
2 days’ incubation. 1 )rops from this t ube spread upon agar 
showed no visible gr<wth even after 10 days’ incubation. The 
same phenomenon- a sudden apparent auto-sterilization of the 
culture— occurred in the 261 h tube in the GL 6 series, and in the 
29th tube of the remaining strain.'ijt It did not seem reasonable to 
as.sume that the strains had died'^off as a result of continuous 
exposure tojan unusual and unfavorable substance — lithium 
chloride for the reason that growth did not become progressively 
poorer from tube to tube of the series, but maintained its usual 
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vigorous rate up to and including tlie tube immediately before 
that which n-mained apparently sterile. However, had it not 
Iwien for know]('dge of the similar experiences of Hadley, Delves 
and Klimek (Itt'H) when dealing with serial subculture of the 
Shiga d> s(‘ntery bacterium and other species, the present, series 
would at any rate have been terminated at this point. With this 
previous work in mind, however, serial transfers were carried 
on as usual in all tliree strains up to the 32nd tube, with transfers 
<tf tlie ustial amount of fluid, after the usual in. ibation time, 
from tulK' to lube in the senes and as usual t(j agar plates. 

1 )uring t his sect ion of the transferring rotitine, none of t he tub.'s 
involved ( No.>. 2() to 32 in two o; the .series and Nos. 29 to 32 in 
the third; showe*! any signs of growth \i.sible to the naked eye. 
In the tirst “sterile" tube, of ' ach series a faint turbidity had been 
present due to the u.sual hea\^ inoculum (3 drops) from the 
previoiis lub(‘. hixamination of these tubes after 4S hours incu- 
bation failed to show any cloudine.ss at all, even when the tubes 
w(‘re gently agitated. As this point was of some interest, six 
othei lit hium-chloride broth tubes were inoculated m the same 
manner and amount from the last tube of each series to show 
growth. To three of the tubes, 0.5 per cent formalin was added. 
'I'he slight turbidity due to the inoculum remained indefinitely 
in the formalinized tubes, but again disappeared in 48 hours in 
the untreated tubes. So far as the remaining “sterile" tubes in 
each series w'ere concerned, none of these, with the exception of 
No. 30 in the Stanley Park series, ever displayed the faintest 
turbidity, although they were held for a period of over 2 months. 

The phenomenon of sudden cessation of obvious growth in 
three different series, followung clo.sely upon a dissociative reaction 
involving tw’o chief variants and a possible third variant (the 
small colonies), was analogous to the similar findings of Hadley, 
Delves and Klimek wdth regard to the Shiga dysentery bacterium 
and other species. In the series recorded by these workers, 
apparently sterile tubes were followed by tubes yielding their 
G-type of culture. In other portions of the same paper, the so- 
called “washed-plate” technique of Hauduroy (1927) is employed 
to recover visible G colonies from Berkefeld filtrates of certain 
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cultures. Altliouph, as already recorded, visible growth was not 
present in the later lithium-chloride broth tubes of the series 
under consideration, it was thought possible that the invisible 
phase of tlie G-type culture might be present, and in order to 
attempt a demonstration of its existence, it. was decid(“d to apply 
the Hatiduroy technique to the contents of these tubes. Since 
triplicate primary platings had been continued as a matter of 
routine from all the apparently sterile t\ibes in the thn'e B. ml- 
monicida series, it was possible to select plates for the Hauduroy 
procedure from those which were not only sterile in re.spect to the 
tubes from which they were plated, but. which wen; also perfectly 
clear of any subsequent contaminations from the air. No plate 
showing air contamination could be used in any ca.se, owing to t he 
nature of the Hauduroy technique, but an additional check on 
proceedings was kept by identifying any aitpaicntly contaminat- 
ing colonies which did appear on a few plat.('s. None of thes(' 
plate contaminants showed any re.semblancf^ either to B. ml- 
monicida or to the G-type colonies which eventually arost^ from 
the washed-plate treatment. 

The Hauduroy piftcess as carried out in this laboratory con- 
sisted in placing upon the surface of a primary ag.ar plate (that is, 
one spread direct from a “sterile.” tube in a .series and showing no 
growth after incubation) about 10 drops of sterile broth from a 
sterile Pa.steur pii)ette. Just before drawing \ip t he ste>-ile broth 
into the pipette, the tip of the; latter was bent in the flame to a 
slight angle. This allowed the pipette, after delivery of the 
broth, to be u.sed as .•), spreader to distribute the fluid over the 
surface of the agar. A portion of the fluid was then collected in 
the pipett.e, transferred tf) the surface of two fresh .sterile agar 
plates, and spread as before. .Vfter 72 hours’ incubation at room 
temperature, providing no G-tj-pc colonies appeared, one of the 
two secondary plates was selected and the process repeated as 
often as required. The Hauduroy techni(]ue was applied to 
plates from all 7 “sterile’’ tuljcs in the Stanley Park 2 series, from 
tubes 26 and 29 in t.he Gult.us Lake 6 series, and from tubes 25, 
29 and 30 in the Elk River 3 scries, with tlie following results: — 
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SP S. No 20: Tiibo 5- 7-35. \Vas}jo(i-plat(“ s(‘rios started 27- 8-35, (•arri(‘(l 

to 4tli phitin^j:. No api>(*auineti (T (i-type colonies Anotlu'r waHlied-plate 
sc’ries from same tula startiid 20-9 35, carried to 0th plate Nep:ativ(‘ 

HP 2. No. 27: Washed'platf' sei ie."j .staruaJ 12 8-35, carried to 4th plating'. Nep:a- 
tiv(‘ Another w ash«‘d-}jlat(‘ senes started 20-9 35, carried t(i Gth plating. 
Ncgattva* 

HP 2 No. 2S Washed-plale seiH's .staiferi 27 S-35. On the 4th \\ashed plat(‘ 
(i (‘ , 5th j)liit( from tuOcA at IS Imuis’ incubation large numbers of minute 
colonu'S b(‘caim‘ visible \jn<l*'r a hand h ns In 90 hours tlu'se bc'came visibh^ 
to tlie naked ('\e, and numbi Mai appro.ximately 15/ Tlie colonn'S varied 
fiom 0 1 mm to (i 2 mm in ihametcT, and the si?!- did not in i-east on further 
incubation Thev u<‘!c tr a, n.^parent by transmitted light, gi.^vish b}" olilique 
lighting, slightly convex ami pTfecily circular. 

Hp 2 No 29 \Va‘'lu*d-plat( senes ‘ m ted 27 8 35. The 4th washed plat'^ 
\ ield(‘d ap})ro\imatel V the same nu!' her of colonics < ' tlie same description 
HP 2 No 31): 'rijjs tube behaved (blTe?/ ntl> ‘‘’om all other ‘'sterile” tubes. It 
remaiiKii apparently st<*ni(‘ from 9 " 35 to JO 8-35, during N\iiieh jieriod the 
tube was not op<Tied oi otheru’se di-turbed. On 20-8-35 a faint (douding 
appt'ared, increa'^ing sliAsly du mg th • follo\\ing 7 days, when the turbidity 
atqiroximateil that (»f Mcrarlnnd’s No 1 standard Film preparations made 
on 27 S 35 .sIio\n(m1 minute Ct ram-negative eoccoid bodies (averaging 0 3m x 
I) Ig) arranged in clusters. Agar plates spread from the tub(‘ and incubated 
72 liours show (‘(I a thin, soim'what fluoroceiit film over the thickly sjiri'ad 
[xnlion of th(‘ filate, and minute fiarmparent colonies on the remainder of the 
sill lace. 'Fliese colonies were exactly like those recovered from tubes 28 and 
29 by the w ashed-j)lat(‘ teclinique. 

Hp 2. No 31. \Vushcd~plat<* smn“< started 27 S 35 The third w’ashed plates 
3 leldml (*ac}t about 3000 eolonu's of th<‘ same deMTiption as above. 

Hp 2 No 32: W aslmd-platc seriis started 27 S 35 The fifth washed plates 
yielded ('m li about 1300 colonu’s <if the same descrqition. 

P]j f> No 2ti- Wasln'il-jdate siau’s started 27-8-35, carried to Gth plating; 

iu'gativ<'. .\nother senes started 20-9 -35, carrii*d to Gth plating; negative 
CL n No. 29: Wasle'd-phite stuaes started 19-8-35; the 4th set of W'ashed plates 
yiehh'd about 3000 colonit^s of the same description as those recovered from 
the SI’ 2 series 

EU S, No. 25: Washed-plate senes started 12-8-35, carried to 5th plating; nega- 
tive Another s<'nes started 20-9 35, cairied to Gth plating; negative. 

EH S. No. 29. \Vashed-]date serii s siarteii 27-8 35. The Ithsetof washed plates 
each yielded approximately 2000 colonies identical in appearance wdth those 
recovered from the SP 2 and (T. G tubes. 

Agar slant cultures \v(‘i*t* made from the colonies, growtli on 
these appearing as a flat transparent film on moist slants, but 
tending to form distunde colonies on dried agar. Brotli cultures 
grew poorly if seeded directly from the plates on which the colo- 
nies first appeared. Subcultures to broth after a few transfers 
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on agar gave rise to tiniform eloiuling in 72 hours, followed by the 
accumulation of a vi.sco-granular sediment which attained con- 
siderable bulk in tubes 10 days or more old. When seeded into 
nutrient broth containing glucose, maltose, mannitol, lactose and 
sucrose, growth occurred as in i)lain broth but without fermenta- 
tion of any of these carbohydrates. 

A strain selected from each of the 3 series was .subjected to a 
pathogenicity test. Broth cultures equal in density to No. 2 
McFarland Standard were employed. For each .strain, 3 gold- 
fish received 0.25 ml. of the culture intrapcritoneally. The fish 
were k('pt. under observation for 3 months, during which time no 
illiK'ss was apparent and no lesions developed. The fish w<'re 
then sacrifu'cd and cultures tak(‘n upon agar from peritoneal 
washings, kidney, and heart blood. No microcirganisms were 
recovered from any fish, except in one case when a pure culture of 
Pscud()nio7ias pyori/diicm appeansl from a kidney culture. 

Keference must now be made to the small colonies which 
appeared on plates of the three lithium-chloride broth .series at. 
ct'rtain times during the phase of di.ssociation of the parent 
(adture (table 1, column ( i). Th('.se had been transferred to agar 
for future examination. Rcplatings showed that they were 
identical in all re.spe(;ts with the small colonies which have ju.st 
been described as having been recovered by special methoils from 
apparently sterile tubes later in each series. These ciirlier 
cultures were again inert as to carbohydrate fermentation and 
pathogenicity, and were morphologically identical with those 
obtahied from “sterile” tubes. 

The appearance, tlierefore, of a minute colony form during 
dissociation, and later fron) apparently sterile tubes, in lithium 
chloride broth series of B. salmomcida, corresponds most closely 
with the appearance, under similar conditions, of the G-type 
variants of rhe Shiga dy.scntery bacterium and of other species 
recorded by Hadley, Delve.s and Klimek. (G-forms for other 
bacterial species have since Ixen recorded by numerous workers, 
including Koser and Dienst (1934), Hoffstadt and Youmans 
(1932), Hadley and t'arapetian (1933), Rettger and Gillespie 
, (1933), Roos, Rf'ichel and (lark (1934), Poe (1934), Kopeloff 
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(1934) and Chinn (1936). It was therefore probable that the 
new cultural form obtained above was the corresponding (I-typc 
of Bacillus salmonicida. 


CONTROL METHODS 

Space does not permit a full discussion of the vexed question of 
"contamination” in relation to the appearance of the tl-type of 
culture. .\t this stage of the findings the ciiticism will no doubt 
be made that the C-culture, supposed tf) be a .ariant of B. 
salmonicida, may have fnnud iis way from the air or from some 
other source into the several tiii)es of the lithium chloride broth 
series from which it was rcco^-. red. It might also be claimed 
that the exercise of the Ila :duroy washed-plate technique, 
subject, as it may be to contamination during a long series of 
plate-to-plate transfers, would give ample oppurtunitj'^ for the 
entry of foreign microtuganisms into the systems in ((uestion. 
So far as air contaminations are concerned, it may be said that all 
the control meavStires adopted by Hadley, Delves and Klimek have 
been utilized in this work. For every t hree exj)eriment al washed- 
plate series, a control washed-plate series was carried out with 
sterile liihium chloride broth as the initial inoculum. Each 
tran-sfer, on the controls as in the experimental .series, Avas made 
to two fresh sterile agar j)lates. WTiile contaminating micro- 
organisms, either Staphylococci, Sarcinac, Bacillus suhtilis, Acti- 
nomyces or molds, occasionally appcartul on plates in the series, 
they ncA'er appeared on both duplicati; plates, and it was always 
possible to continue the series by washing from the uncontami- 
nated plate. Plates from which washings had been taken were 
retained for a further 3 days to make sure that contamiiration had 
not occurred during the actual manipulation. No colonies even 
remotely re.sembling the G-types recoA'cred from the experimental 
series, were ever observed in the control series. Moreover, 
plates were exposed to the air at weekly intervals during the 
procedure, and while these picked up the usual air contaminants, 
they never yielded the minute, transparent colonies, maintaining 
a uniform size on continued incubation, which characterized the 
tubes recovered in the experimental series. 
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BECOVEKY OF TYPICAL B. SALMONICIDA FROM G- VARIANTS 

(Conclusive proof of tlie relationship of the (C-tj'pe cultures 
with the presumed parent strains of B. salmonicida rests however 
on the fact that typical R strains of the species have been re- 
covered from G-type (niltures derived from all the throe strains 
of the organism (ER 3, CIj G, SP 2) which were subjected to serial 
transfer in litliium chloride broth. In spite of the fact that the 
G-strains in question had not been passed through Berkefeld 
candles (as in some series of Hadley, Delves and Klimek) their 
reversion to the parent R form was an exceedingly slow process. 
Three strains of G-culture were selected from those which had 
been derived from the ER 3, CL 6, and HP 2 strains of B. sal- 
monicida. These G-strains bore the numbers GE 17, GC 7, 
and GS 22 respectively. At the time when attempts at reversion 
were begun, these strains had existed as typical G-cultures for 
two months since isolation, without showing any increase' in 
colony size or change in morphology, and w’ithout having devel- 
oped any ability to ferment ghniose, maltose and mannitol. 
Reversion was attempted m the follovving ways : 

(1) Serial subculture in plain nutrient brot h.* 

(2) Serial subculture in nutiient brot h containing 0.25 per cent 
lithium chloride. 

(3) Serial subculture in lithium chloride broth followed by 
serial subculture in tubes and plates of nutrient broth rnd agar 
containing 3 per cent of a mold tiitrat(!. 

(4) Observation of aged (! -cultures. 

In series (1) transfeis were l.'egun on 5 11-35 and were mad<i 
every third day. This was the period re(|uired for the jiroduc- 
tion of moderate turliidity in tubes seeded with G-cultures, at 
room temperature. I'he serial transfers v/ere carried on for 8 
months, witli platings on agar at every thinl transfer. No 
change occurred in the characteristics of the three G-strains. 
Series (2) was carried for 8 months. For the first 3, no change 
in characteiistics was apparciiit. During the next 2 months a 
more luxuriant and rapid growth in broth developed, and the 

* Bacto dphydrated. 
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colonies attained a size alioiit midway between the G size and 
those of normal 48-hour Ji. salnionicida. The organisms however 
w’ere still iiu'rt as to carbohydrate fermentation. This state 
continued for all strains during the Gth and 7th month.s. During 
the 8f h month some of the colonies from strains (JK 17 and CiS 22 
again showed an increase in size, although the greater number of 
colonies on any given plate retained the intermediate size. Colo- 
nies from the remaining strain (G(' 7) remained in the inter- 
mediate-size stage without further progression auring the 8 
months of transfer in lithium chloride broth, lleplatings on agar 
from the larger colonies from strains GE 17 and GS 22 gave ri-e 
to colonies of 2 mm. diameter, amt of t he exact description already 
given for the K colony of Ji. .‘iaiDumiruJa. Cultures from tlu'.se 
colonies afti'r .several transfers began to produce the diffusible 
brown pigment characteristh^ of the parent organism, and when 
tc'sted on carbohydrates fermented glucose, maltose and mannitol 
and failed to ferment lacto.se and sucrose- - the reactions proper to 
the parent, cultures. The morphology of the cultures was 
identical with that of Ji. mlmonicida. 

When tested on goldfish, the strains were non-pat hogenic. 
This was to be expected, since the cultures bore all tlie character- 
istics of the R or non-pat hogenic culture. However, it was con- 
sidered necessary to attempt completion of the whole cycle and 
to try to obtain, from these cultures, a strain which would produce 
t he typical disease. Accordingly, dissociation was again enforced 
upon the recovered R strains of strains GE 17 and GS 22 by the 
phenol broth method already d(!scribed. S strains wen obtained 
after the 4th to 6th transfer in 0.1 per cent phenol broth. These 
S cultures producial the typical lesions of the disease in goldfish, 
resulting in the death of the fish at periods varying from 6 to 12 
days. Ji. fiaUfionicida S type was recovered in pure culture from 
the kidneys and heart blood of the victims. 

Procedure (3) was adopted in view of the following observa- 
tions. Several mokl colonies had appeared on some of the 
plates from serial transfers after these plates had been opened for 
inspection or had been left in the laboratory for a week or more. 
It w'as noticed that the G-colonies in the neighborhood of the 
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molds attained a large size compared with those on other parts 
of the jdate. This suggested that some growth-stimulating 
factor of a diffusible nature was being elaborated by the mold. 
The latter was therefore isolated in pure culture, and proved to 
be a variety of Aspergillus glancus. When the mold was inocu- 
lated upon plates seeded with G -cultures, the same phenomenon 
of growth stimulation was again observed. The idea naturally 
arose of adding a sterile filtrate of mold growth to nutrient broth, 
and using this medium for the serial transfer of G-cultures. The 
mold was accordingly grown in 0.5 per cent peptone water at 
room temper attire. When vegetative growth approached the 
maximum, the fluid was drawn off from the mycelium and filtered 
through a sterile llcrkefeld W candle. The sterility of the 
product was tested by adding portions of the fluid to nutrient 
broth, followed by incubation for one week. Sterility in respect 
to G-forms was tested by performing a Hauduroy washed-plate 
series with a portion of the filtrate. No colonies, either of G 
type or any other type, appeared up to the 8th serial plating. 
The filtrate was tlien considered safe to use and was aseptically 
added to tubes of sterile nutrient broth, in the proportion of 2 cc. 
filtrate to 6 cc. broth. These tubes were again incubated before 
use as a check on sterility. 

Serial transfer in ttiis medium was then begun, using the GE 
17, GG 7, and GS 22 strains which had already undergone 2 
months’ serial transfer in lithium (‘hloride broth. During 3 
months’ transfer at tlie usual 3-day intervals in mold-filtrate 
mediiun, all strains showed a slow’ progressive increase in colony 
size of the same tyi)e which has been recorded as occurring in the 
lithium-chloride broth series, although the increase occurred 
more rapidly in the mold-filtrate series. At the end of 3 months a 
number of still larger colonies appeared on plates bearing mainly 
the intermediate colony size. When these were replated upon 
agar, they appeared as typical R colonies of B. salmonicida, 
(capable of fermenting glucose, maltose and mannitol, failing to 
ferment lactose and sucrose, and producing the diffusible brown 
pigment on agar. Transfer of the newly recovered R strain 
through 4 passages of 0.1 per cent phenol broth produced numbers 
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of S type colonies, ( -ultures grown from these were found again 
to produce typical “furunculosis” in goldfish. 

In procedure (4), 22 G-strains were selected which had been 
maintained on paraffin wax-sealed agar slants for one year, with 
transfers only every 3 months. Platings on nutrient agar were 
made from each strain and incubated for 1 week at room tempera- 
ture. In 3 instances (strains GE 3, GE 5, GS 12) a few large 
colonies appeared among numbers of typical G-colonies. The.se 
when replated gave rise to tlie typical R colony form of B. 
salmonicida. ('ullures from these colonies gave all the proper 
cultural and biochemical reactions for the R forms of B. sal- 
monicida. Since cultures of this exact description obtained by 
two other metliods had previouslj' been further changed to the 
pathogenic S form as a final jiroof of reversion, it was considered 
that a similar procedure was unnecessary with these strains. 

SUMMARY 

1. ('ultures of Bacillus salmonicida from infected fish tend to 
change from the pathogenic S form to a non-pat hogenic R form 
on prolonged cultivation. 

2. Dissociation of the R to S type has been .shown to occur in 3 
single-cell strains of Bacillus salmonicida and the R and S disso- 
ciants have been described. 

3. During the course of dissociative activity in serial lithium 
chloride broth cultures, a third variant appeared corresponding 
to the G tj'iie culture of Hadley, Delves and Klimek. 

4. The same G-variant was also recovered from apparently 
sterile tubes in the lithium-chloride broth series, by means of the 
Hauduroy washed-plate techni(}uc. 

5. Selected (i-strains, when subjected to prolonged serial 
transfer in lithium-chloride broth and in mold-filtrate broth, 
gave rise to larger colonies, cultures from which proved identical 
with the known R form of Bacillus salmonicida. 

6. Dissociation was again enforced upon the R non-pathogenic 
strains so recovered, resulting in the production of typical S 
pathogenic strains. 

7. Of 22 stock G-strains maintained on nutrient agar, 3 reverted 
spontaneously to the R form after 12 months. 
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COKllEFATED ANTKFENIC AND JilOC’IIEMK ’AL 
PROPERTIES OK STAPIlYLO(’0(’(’I 

RK^IIAIU) THOMPSON and DEVORATI KIIORAZO 

Deparimnits of Ophthalmology arul Ha( Icnology (\tlUge. of Physic '^ns and Surgeons 
dolutuhta P nircrsit u and The liistituti nf Ophlhnlruolagy I r( sbytenan 
Hospital Xew York 

Rp«‘eivpd for jiiihlicatioii, l ohiULiry G, 19li7 

The genoral (lifTcrontiation of pathogt'iiio' from noii-patliogoiiic* 
.staphylococci (ai the ba.‘<is of })ipnu'nt j)ro(Uiction and general 
fermentative activity has bei'ii consid'.'red by a long series of 
workers. [Rosenbach (1SS4), Welch (l.S'.tl ), (ionlon (ItUTl 4 and 
1904 5 1, Dudgeon (1908), Win.^low and Winslow (1908), Kligler 
(1913), Winslow, Rotliberg and Parsons (19201.] A distinction 
on an antigenic basis was first made in 1902 by Kollc and Otto 
(1902) Avho found that staphylococci from ])urul(‘nt lesions were 
all agglutinated by immune s(‘rums prei)ared against one of them 
while strains from other source's were not agglutinated. The 
majority of the agglutinable .strains were orange and were patho- 
genic for mice. In view of the ver\- large numi)er of confirma- 
tory ])ublications in the fifteen years folkming Kolle and Otto’s 
l)apcr lOtto (1903), Proescher (1903), Veiel (1904), Kutscher and 
Konrich (1904), ITaenkel and Pauman (lt)05), Noguchi 1.1911), 
Dreyer and Nothman (1912), (!eis.se (1913), Walker and Adkin- 
son (1917)] it is curious that workers in more recent years have not 
been able to difTerentlate the staphylococci .satisfactorily by 
means of direct agglutination. Hinc (1922) found it necessary 
to use agglutinin absorption but by this technic did prove that 

' The term “pathogonio” is very loosely applied to staphyloeoeei, usually 
implyinK known pathogenicity for human being.s. In the present stage of knowl- 
edge such an assumption for any particular strain is not warranted. Kor con- 
venience, however, this term has been used in this paper to indicate .strains from 
human lesions or strains proven to be pathogenic for animals, and the term “noii- 
pathogenic” to indicate strains from other sources or non-pathogenic for animals. 
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the majority of strains from disease processes were distinct from 
those from other sources. Julianelle (1922) found no correlation 
of antigens with source or experimental pathogenicity in his three 
antigenic groups determined by agglutinin absorption. Hopkins 
and Barrie (1928) by absorption also established three groups, 
only one of which was found in diaea.se processes. Dudgeon and 
Simpson (1927) re.sorted to a precipitin technic and, although 
they used only strains from infectious processes, found that 
pathogenicity for rabbits was correlated with the presence of a 
specific precipitinogen and, to a less extent, with orange pigment 
production. Julianelle and Weighard (1935) found that staphy- 
lococci from lesions contained a specific precipitable polysaccha- 
ride (A) which could be differentiated chemically as well as anti- 
genically from a polj'saccharide, (B), found in strains from other 
sources. 

There is considerable disagreement in the literature as to the 
degree of correlation of hemotoxin production by staphylo(;occi 
with pathogenicity or antigenicity. I'his is understandable con- 
.sidering the various technics and types of erythrocytes used. 
The majority of workers using broth cultures, or their filtrates, 
with rabbit eryllirocytes ha'!’’e reported a con.siderable, although 
seldom absolute, correlation. [Nei.sser and Wech.sberg (1901), 
Otto (1903), van Durme (1903); \"eiel 0904), Kutscher and Kon- 
rich (1904), Fraenkid and Bauman (1905), Koch (1908), Noguchi 
(1911).] 

Gordon (1903 4) found that the fermentation of mannitol was 
one property which differentiated staphylococcal strains from 
lesions, from tho.se from other sources. Dudgeon (1908), Hine 
(1922), and Dudgeon and Himpson (1927), confirmed and ex- 
tended his findings. 

The ability of certain strains of staphylococci to coagulate 
oxalated or citrated plasma obfserved by Loeb (1903) and by 
Much (1908) was found by Daranyi (1926) to be associated with 
pathogenicity and with a strong hemotoxic ability. Gross 
(1931) and Chapman el al. (1934) also found a correlation of 
coagulase produ^tjon with pathogenicity, hemotoxic activity and 
‘orange pigment prr»duction. 
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Wo are roi)ortiiig here the results obtained in testing 286 strains 
of staphyloeocei isolated from various sources in respect to the 
various properties discussed above. 

METHODS 

The organisms were isolated on rabbits’ or sheei)s’ blood agar plates. 
Single colonies were ])ick(‘d from two consecutive platings to establish 
presumptive purity. Inoculations were made into the various test 
media from 18-hour brotli cultures. During th(‘ time of the cx])eri- 
ments all the strains were j)rf‘8erverl in the refrigerator on plain or blood- 
agar slants. lYairsfers w^ere made monthly. 

I mmunizalion of rabbits 

Rabbits w’cn' immunized during a four weeks’ ])eriod by a series of 
intravcjious injections of saline sus])ensions of 18-hour agar slant cul- 
tui •es. Ileat-killed organisnK-> w'cre given during th(' first three 'sveeks 
and living organisms during th(‘ final week. The animals w^ere bled 
ten days aft(T the last inj('ction. 

r reparation of antigens 

Flasks containing 50 cc. of meat-infusion broth were inoculated 
with 18-hour cultures of the organisms and incubated for 4 days. The 
wdiole cultures WTre })recipitat(‘d ov(‘r night in the ice box w’ith 4 vol- 
umes of 95 per cent al(*ohol jjIus 3 drops of glacial acetic acid. The 
l)r('cipitate and organisms whto removed by centrifuging and were ex- 
tracted with 2.5 cc. of N/IG IKl in a water bath at 100°C. for 15 
minutes. The mixtures waTc th(‘n ncaitralized to litmus and centri- 
fuged. The clear supcTiiatant.^ were used as antigens for the precipitin 
tests. 

Precipitin tests 

The precipitin tests w'ere done by means of a capillary technic de- 
scribed previously (Thompson et a/., 1936). Kqual quantities of serum 
and antigen were drawm into graded ca])illary tubes. The tubes were 
th(;n supported upright by plasticine on microscope slid('.s. Readings 
of the amount of precipitate were made after 2 hours at room tempera- 
ture and 18 hours in the refrigerator. 

Hemotoxin tests 

The organisms were growm in beef-infusion broth, (pH 6.5) to 
which w^as added 0.03 per cent ]\lgS04. The cultures wTre kept at 
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37°C. in an atmosplKTo of 20 jxt cent CO 2 . After 10 days' growth 
they were filten'd Ihrougli ^^^lndl(•r lilifTs and various dilutions of the 
filtrates were titrat,(‘d for heniotoxin (*ontent against equal quantities 
of 1 i)er cent waslu'd rabbit erythrocytes. The mixtures were incu- 
bated at 37®C\ for 1 hour and kept in the refrigerator for 18 hours. 
Any d(‘finite trace of hemolysis was considered as evidence of hemotoxin 
production. 


Mil n n i lol fernieu tat ion 

Cultures wen' iiioeiilated into tubt*s of 1 per cent Difco mannitol 
in beef infusion l)roth. AftiT 3 days' incubalion the presence of acid 
was t(\sted for by adding 2 dro])s of bromert'sol jnirple. 

Coagnlasc 

Oxalated plasma ^\as obtained by jdaeing U) ce. of fn'sh human 
blood into a ('entrifuge tu))e containing 0 02 gram of potassium oxalate, 
thoroughly mixing, and then centrifuging out the cells. 0.3 ec. of the 
plasma was mixed with 0 2 cc. of an 18-21 hour broth culture of the 
organism to be lasted. Partial or completf* (‘lotting after 2 liour.s' in- 
cubation at 37°C. indK‘at(‘d the j)roduction of coagnlasc. 

Pigyiuni 

The pigment vvas classified as orange, lemon or white by the appear- 
ance of the massed growth from a 72-hour agar plate placed upon white 
filter paper and pressed beiween two microscopic slides. No attempt 
was made to classify the various shades iK'tweim orange and lemon. 
When any trace of orange color was present the strain was designated 
as orange. 


RESULTS 

Antigens were prej)are(l from all 280 strains and tested for 
precipitation with serums obtained by immunization against 9 
of the strains, fii table 1 examples are given of the types of 
reactions obtained. 

Ninetj^-three strains gave reactions identical with those given 
by Julianelle's strain 13 and have therefore been designated as 
group A. Twenty-nine strains were similar to Julianelle's MX 
and have been designated as group B in conformity with his 
tei’miriuiogy. Sixty -four strains gave moderate amounts of 
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precipitate with serum 32 but little or none with the other serums. 
Since these strains oV)viously contain an antigen distinct from 
Julianelle’s A and B, this group has been designated as group (?. 
Sixteen strains giving precipitates with both AIX and 32 scrums 
have been tentatively designated as group BC. Eighty-six 
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strains showed no definite precipitate with any serum and have 
been called group O. 

Group A is clearly set apart from the other groups, not only 
by the specificity of its antigen but also by the much greater 
amount of precipitate produced. 
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In table 2 are shown the results of the biochemical tests 
arranged according to antigenic groups. 

The majority of strains of group A gave positive reactions in all 
or most of the biochemical tests in contrast to the strains of 
groups B, C, and BC, of which 90 to 100 per cent were entirely 
negative in all tests. 

TABLE 3 


Hcmotoxin production on rabbits' Mood plates and in COs toxin broth 


ANTIOENIC GROUP 

NUMBER OF STRAINB 
COMPARED 

PER CENT 8HOW1NQ 
HEMOL\SIB ON PLATSB 

PER CENT OP THEBE 
PRODCCTNO NO 
HEMOTOXIN IN TOXIN 
BROTH 

A 

78 

96 

2 6 

B 

29 

65 

89 

c 

(U 

04 

95 

BC 

15 

46 

100 

0 

85 

61 

1 

77 


TABLE 4 

Antigenic groupings of strains from different sources 


SOURCES 

NUMBER 




ANTIGENIC GROUP 




or CULTURES 

OF B1 RAINS 
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L- 

B 

c 

BC 


0 
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59 

46 

78% 

! 1 

i 
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1 
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16% 

Normal 

Conjunctiva 

Nose 

Throat 

! 

' 191* 

41 

21% 

j 

24 

1 

12% 

59 2 <*% 

15 

9% 

5^ 

28% 

Air 

24 

2 

il 1 

U 


4 

0 


17 

73% 


• 178 strains from normal conjunct! vac. 


A certain degree of correlation with antigenic group was also 
found for two other properties not included in the table. Forty 
to sixty per cent of the colonies of groups B, C, and BC strains 
were definitely viscid but only 9 per cent of group A strains pro- 
duced viscid colonies. A number of strains in all groups were 
tested for their power to reduce methylene blue.* The speed of 

» 1 drop of 1 per cent aqueouH methylene blue was added to 24-hour broth cul- 
tures and the time required for complete reduction at 37°C. was determined. 
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reduction by the same strains varied from time to time so tliat 
no absolute standard could be set. However, when a number of 
cultures from dilTerent groups was tested at the same time, most 
rapid reduction was always produced by the group A strains. 

WTicn comparisons were made of the ability of any of the 
strains of staphylococci to pr«)duce hemolysis of rabbits’ blood 
plates with production of hemotoxin by the method described 
above, many strains were found which were able to produce 
marked hemol 3 'sis of rabbits' blood plates although uo hemotoxin 
could be detected in the broth filtrates. The results of the.se 
comparisons are summarized in table 3. 

In table 4 the relationship of antigenic grouping to the .sources 
of the cultures is shown. 

Seventy-eight jicr cent of strains from infectious sources were 
in antigenic group only 8 per cent of the.se “infection” strains 
were in groups 15, C', and I5( 

Fift.v jier cent of the strains from mucous membranes ivere 
members of groups 15, (', or BC; 21 per cent were of group A. 

Seventy-tlireo per cent of the strains^ isolated from the air were 
in group (), giving no precipitates with an.v of the .serums. 

niSCL'SSION 

The very clear-cut antigenic dilTerent iat if )n of group \ is further 
sujiported bj' the great degree of its correlation with tlie other 
biochemical properties and witli the origin. This is in harmonj'^ 
with the conception that staph\dococci from disease sources tend 
to fall into a fairlj" uniform group possessing certain biochemical 
and antigenic properties differentiating them from “non-patho- 
genic” .staphylococci. In particular it is in agreement with the 
work of Dudgeon and Simpson (1927) ivho found that the pres- 
ence of a specific precipitinogen in staphylococci was correlated 
with pathogenicity, and with the recent work of Julianelle and 

• All strains were morphologically Gram-positive cocci in typical irregular clus- 
ters on solid medium and produced typical staphylococcus-like colonics. Many 
did not liquefy gelatin within the three weeks’ period allowed. 

The majority of the air strains were kindly given to us by Dr. L. Buchbinder 
of the Bacteriological Division of the New York City Air Pollution Survey. 
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Weighard (1935) who reported tliat pathogenic staphylococci 
possess a specific carbohydrate antigen distinct from a similar 
carbohydrate present in ‘‘non-pathogenic” strains. The anti- 
genic subdivision of the remainmg strains is less clear-cut and not 
correlated witli other factors to any great extent so that the 
groupings are ti'ntative and subject to confirmation. Our re- 
sults indicate, however, t liat at least one antigen, in addition to 
Julianelle’s “B” carbohydrate, is present in the staphylococci 
from mucous membranes, and that these strains may be further 
subdivided on this basis. This is in agreement with Hine (1922) 
and with Hopkins and Barrie (1925) both of whom, by agglutinin 
absorjjtion, di\dded their “non-pathogenic' strains into two 
groups. 

The majority of the staphylococci from the air may be sepa- 
rated from the “pathogenic’’ grouj) and from the “mucous mem- 
brane” groups in that they possess no acid-.soluble, heat-stable 
antigen in common witli tlicse groups. 

The discrepancies between the results of th(' ('stimation of 
hemotoxin production in broth cultures and on blood plat ('s arc 
worthy of note. Meisscr (15)25) described similar differences and 
suggested t hat two different mechanisms are concerned. 

We believe that the discrepancies are not due to different 
mechanisms b(*ing concerned but to the fact that the 2 per cent 
blood agar is a more favorable medium for the product’on of 
hemotoxin, even witiiout ('(h, than is the broth which w'c used. 
The hemotoxins produced by the B and (’ strains on agar plates 
are soluble; are neutralizable by antitoxin again, st A strains; and 
are increa.sed by growd h in 20 per cent ( '( > 2 . All t hese properties 
indicate their essential identity with A type toxin. 

SUMMARY 

Heat-stable, acid-soluble antigen'^ prepared from 286 strains of 
staphylococci from various sources w'ere tested for preiapitation 
with immune serums against 9 of the strains. The organisms 
W’ere found to fall into 5 groups: (Iroup A, 93 strains including 
Julianelle’s Type A; gioup B, 29 strains including Julianellc’s 
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Type B; group (', 64 strains; group B(’, 16 strains precipitated 
by both B and C serums; group 0, 86 strains not precipitated by 
any serum. 

When the cultures were tested for orange pigment production, 
mannitol fermentation, coagulase production and hemotoxin 
production (in broth under 20 per cent. C'Oj) a markc'd correlation 
of these properties with the; group A antigen was found. The 
correlation of hemot oxin production was less marked when hemol- 
ysis of rabbits’ blood plates was used as a criteri''n; considerable 
percentages of groups otlier than A producing vi.sible hemolysis 
of the plates. The evidence indicates that the hemoioxins pro- 
duced by the B and (! strains are identical with those produced 
by thc' A .strains. 

A delinite correlation of antigenic grouping with the sources 
of the culture's wa.s evident. Seventy-eight per cent of strains 
from infect ions were in group A. Fifty per cc'iit of strains from 
mucous membranes were in groujis B, and B(', with 21 per cent 
and 28 per cent in A and O respectively. Sevc'nty-three per eemt 
of thc strains isolated from the air fell into group 0. 
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Wlicn the albino rat is restrieled to a diet deficient in inorganic 
salts there invariably occurs a diarrhea (Swanson and Smith, 
1932a; 1934), tlie onset of which may be as early as the third or 
fourth day, or may b<‘ deferred for a week or more. The dura- 
tion of Ihi.s condition is usually only two or three days, although 
it may continue for a longer piu iod. Thereafter, the feces though 
formed, are somewhat softer than normal and the quantity is low; 
several days may pass without di'fecation. There is sometimes, 
but not always, a recurrence of the diarrhea later in the period of 
salt restriction. 

Intestinal disturbances in animals deprived of inorganic matter 
have been previously observed. Voit (tSSO) noted thin, watery 
feces excreted by dogs during their first 20 days on a low-calcium 
diet, after which time the feces became normal. Hoffstadt and 
Johnson (1925) reported definite constipation and lowered aero- 
bic bacterial count in rat s on a calcium-deficient diet. Robertson 
and Doyle (1930) fed a mineral-poor diet to rats and reported in- 
testinal stasis which was relieved bj' the simultaneous addition 
of the carbonates of calcium and potassium to the ration. 

These irregularities of intestinal function in animals deprived 

* Aided by a grant from the Research Fund of the School of Medicine, Yale 
University. 

* The data forming the basis of this paper were taken from a dissertation sub- 
mitted by Krcel S. Eppright in jiartial fulfillment of the requirement for degree of 
Doctor of Philosophy, Yale University, 1936. 

A preliminary report was presented to the Division of Biological Chemistry 
of the American Chemical Society, San Francisco meeting, August, 1930. 
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of dietary salts suggested a bacteriological study, and the changes 
observed in the intestinal flora of rats given a low-salt diet in turn 
prompted an investigation of the changes in the flora produced 
by the replacement of various salts and groups of salts in the diet. 

EXPEHIMENTAL 

Methods 

Animals and diets. Male albino rats from the Connecticut 
Agricultural Experiment Station strain, weighing 45 ± 4 grams 
at weaning (21 days old) were allowed free access fo an adequate 
stock ration consisting of modified* calf meal (Maynard, 1930) 
and paste food,'* supplemented daily with lettuce and yeast. If 
they attained a weight of 120 ± 4 gr.ams when they were 34 ± 2 
days old they were selected for the experimeiit. 

The basal diet used in all the groups except one (group V) 
consisted per 100 grams of : 

gram 

Casein* 18 

Hydrogenated fat* ... 27 

Dextrin^ 55 

Vitamins were provided separately each day by 200 mgm. dried 
yeast, 5 drops cod-liver oil, 1 ml. of alcoholic extract of wheat 
germ, and 2 drops of ether extract of wheat germ. 

In the basal diet of group V, low-ash lactalbumin'* replaced the 
casein; and 160 mgm. of liver extraid,® 1 ml. of alcoholic extract 
of wheat germ, and 5 drops of cod-liver oil comprised the vitamin 
adjuvants. 

The appetite of the low-salt rat is poorer than that of the nor- 
mal rat. Its daily food consumption has been determined in 

* Modified by the addition of cod liver oil, 3 per cent. 

* Whole milk powder, 25 per cent; casein, 25 per cent; wheat germ, 20 per cent; 
lard, 30 per cent. 

* Described by Swanson and Smith (1932 a). 

* Crisco. 

White, commercial. 

* Dry basis, total nitrogen, 14.2 per cent; calcium, none; phosphorus, 0.14 per 
cent. The Dry Milk Company. 

* PJli Lilly Liver Extract, N'o. 343. 
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several previous investigations. In order to eliminate the influ- 
ence of variations in intake of energy, protein, and vitamins of 
the diets, all animals in the; jircscnt study were given each day the 
amount of food indicated by the average intake of the large num- 
ber of low-salt rats previously studied, according to the following 
schedule : 


Cirams of 
basal diet gtren 

PerKxl per rat per day 

1 to 7 days . . . . ... . 71 

8 to 14 (lays . ... . . 64 

15 to 35 days ... 5.7 

35 to 60 days . . 5 6 

The inorganic supplements given daily were, for the most part, 
based upon 408 mgrn. of Osborne- Mendel (1917) salt mixture, 
since this amount represents the average quantity consumed 
daily by normal male rats eating ad lihiiinn an adequate synthetic 
diet containing 4-per-cent of the salt mixture, an amount long 
considered satisfactory. Formulas were calculated for each diet 
and for each period in .such a manner that the desired amount of 
inorganic adjuvants was given daily to each rat together with the 
de.sired amount of the basal ration. Table I slu)ws the various 
groups, the mineral supplements, and the amounts of the differ- 
ent elements given daily. 

The method insured a fair degree of uniformity in food con- 
sumption throughout the groups. As would be expected, some 
animals did not conform exactly to the schedule. They, w'hen 
possible, were fed by hand. The animals were giA'en redi.stilled 
W'ater, and their caging and care followed the directions of Smith, 
Cowgill and Croll (1925). 

Bacteriological procedure. The plate counts of Lactobacillus 
acidophilus and the bacteria other than L. acidophilus, mostly 
of Escherichia coli, Proteus and Enterococcus types, were made at 
frequent intervals during the feeding period of GO days or longer. 
The feces were collected as nearly as possible under aseptic pre- 
cautions into sterile test tubes. The test tube containing the 
specimen was then weighed, the feces transferred to a sterile 
flask with glass beads, and the original container reweighed. The 
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weight of the specimen was tlien oblaincd by difference with 
accuracy of d=0.1 gram. Sterile tap water was added to the 
fecal sample in tlic flask to make a dilution of 1 :10; the sample was 
then emulsilied by shaking and further dilutions prepared by 
transferring suitable alicpiols into sterile water in dilution bottles. 

The dilulions yielding countable plates for the mixed flora (not 
L. acidophilus) were usually 1:10,000 to 1:100,000. The dilu- 


TAULE I 

Mineral supphmicjti in diets 


GUO VP 

NUM- 

UEK OP 

ANI- 

MALS 

1 

MINERAL fiVPPLEMENT 

I 

12 

Osborne and Mendel salts* 

T1 

10 

Osborne and Mmidel salts 
minus sodium ehloriile 
potassium t 

IV 

12 

Oaleium and jilu»sphorus+ 

V 

9 

C'aleium earfionate, lac* 
talbumin low-ash 

Vll 

9 

Sodium cliloride ])lus 
potassium! 

IX 

13 

T.ow-salt 

XJll 

6 

C'alciuni earhonate 


MINEKAL SrPPLKMENT 8UPPUKU DAILY 



* Pfvparfd as desfribi d in Join IVioI ( 'Imni. 32, 3ri9, 19i7 

t Essi'iitially Osboriu' and MiMubd salt nnxtijr(‘ with sodium and potassium 
carbonate and hydrocdilone acid omitted; ealciuni carbonate was increased to 
238.1 grams. 

t Calcium cailionato 101.4 grams; ]>bos|>horic acid, 300.0 grams of 85 per cent 
(180.6 ml. of sp. g. 1.71). 

§ Potassium citrate (K.iCjri>07‘H20) 207,8 giau's; sodium chloride, 35.6 grams. 


tions for the L. acidophilvs were usually 1:1,000,000 to 1: 
10,000,000. Duplicate plates were occasionally poured for a closer 
check; however, the plates poured from different dilutions usu- 
ally served as fairly close checks on each other. In case the flora 
showed a tendency to decreased or increased counts, suitable ad- 
justments were made in dilutions from which the plates were 
poured, or a longer series of dilution plates was made. For ex- 
ample, in case of rabidly decreasing L. acidophilus counts, plates 
as low as 1:1000 or J :10,000 were poured. 



INFLUENCE OF SALTS ON INTESTINAL FLORA 


85 


For the purpose of plating the mixed flora other than L. acido- 
philus nutrient extract agar (1.5 per cent agar; 1 per cent Baeto 
peptone; 0.3 per cent Bacto meat extract; 0.5 per cent NaCI; 
pH 0.8) was used. The incu])ation time was always 44 to 48 
hours at 37°(\ Neo-peptone tomato-juice agar was used for 
I)lating of L. acidophilus. The method of preparation and the 
composition of this medium is described ')y Valley and Herter 
(1035). The plates were incubated for 44 to 48 hours at 37°C., 
in an atmosphere enriched to 10 per cent with carbon dioxide. 

Naturally, in handling large numbers of plates routinely the 
colonial charac{(>ristic of tlie org.anism is a deciding factor in ob- 
taining differential counts. The Neo-peptone tomato agar served 
admirably in this respect. L. acidophilus was identified by its 
typical filamentous, fuzzy (X-type) colony which was easily rec- 
ognized unde r hand lens magnification. The Y-type colony was 
only obtained iiifnaiuently. .\side from the colony character- 
istics, microscoi)ic examinations in stained preparations were also 
made from time to time. The colonies fished into Neo-peptone 
tomato broth showed characteristic granular growth and positive 
fermentation, with acid reaction, of glucose and maltose, while 
lactose fermentation was doubtful. Many of the freshly isolated 
strains did not coagulate milk: on repeated transfers, how’ever, 
the culture may finally coagulate milk in 24 to 48 hours. 

It. is fully realized that the method of weighing out the original 
samiilc's “as received” and neglecting to calculate the weight of 
the .saini)le on an oven-dry basis is open to criticism. Since the 
moisturi; content may vary within wide limits the error intro- 
duced will theoretically be reflected in the counts obtained. It 
is further concedetl that the errors from this source may be very 
much more serious in the experiments of short duration in which 
only a few counts are made or again if undue accuracy is at- 
tempted and small A'ariations in plate counts are considered im- 
portant. However, in the present experiments various counter 
tendencies were operative, eliminating entirely the errors from 
this source: 

First, the experiments were of sixty days duration or longer, 
with platings at frequent intervals, to obtain relative numbers. 
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Second, the results are expressed as averages for a group on a 
certain diet, hence the daily lluctuation in individual counts, as 
well as the errors from variable moisture content, were self- 
compensating. It should be further noticed that fluctuations in 
successive counts are not considered important unless the changes 
shown are indications of a permanent tendency or condition. 

The responses to a certain dietary treatment were persistent 
and at times effected nearly a complete disappearance or replace- 
ment of one group of organisms by another group. 

Results 

The plate counts per gram of feces both of L. acidophilus and 
of other bacteria made for two consecutive days were averaged 
for all of the rats of each group. These average counts are shown 
in charts 1, 2, 3 and 4. 

Group I, Osborne-Mendel salts replaced. When the rats were 
transferred from the pre-experimcntal sto('k diet to a synthetic 
ration containing all the s.alts, no change was obscr\’ed in the 
fecal flora. L. acidophilus counts of one to three hundred million 
or more per gram of feces persisted throughout the experimental 
period of 60 days. Bacteria other than L. acidophilus were 
characteristically scarce, usually not exceeding a few hundred 
thousand per gram and consisting mainly of organisms of the 
coli-proteus type, the fecal streptococci and some anaerobes. 

Group IX, low-salt diet. When the rats were placed on the 
low-salt diet, L. acidophilus without exception gradually dis- 
appeared from the intestinal flora, and the bacteria other than 
L. acidophilus increased in number. While the disappearance of 
the lactobacilli was gradual, the trend was apparent from the 
beginning of the experimental period. In most cases, after 14 
days on the salt-poor diet, the aciduric organisms were largely 
superseded by other types. In one or two exceptional cases, 
they persisted in fair numbers fur as long as 20 days. In no case 
did the lactobacilli spontaneously return in appreciable numbers 
while the rats were on low-salt ration. 

Because of the fa,ct that the low-salt rats occasionally failed to 
eat their food according to the schedule planned and because it 
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Ch\rt 2. A\erage counts of Lactobat atidophilus per gram of feces of albino rats in groups XIII, IV and V 





90 


E. 8. EPPRIGHT, G. VALLEl AND A. H. SMITH 



ilus per jrram of fpces of albino rats in groups XIII, IV 
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secinod po,«sih](‘ that the disappearaiice of tlie laetol)aei]li might 
he influenced by and associated with short periods of partial in- 
anition rather than with dejirivation of salts alone, four rats were 
treat ('d strictly according to the i)aired feeding technique. Con- 
firmatory evidence t hat salts per .se influence the normal intestinal 
flora was thereby secured; tlx* low-salt animals lost their acidurie 
flora, while thos(^ whose diet was supplemented with minerals 
maintained it in spite of the reduced food i;itake. 

Group IV, calcium and phosphorus replaced. Certain ions 
proved very effective in mainf aii ing the normal flora w'hile others 
were of no avail (see charts 1 aixi 2). In group IV, when calcium 
and phosphorus were replaced in the quantities in which tlu'y 
occur in 4()S mgm. of Oshorne-Mcmkd salt mixture, the L. acid- 
ophilus counts continued very high throughout the period of ob- 
servation. I n fact t hey were higher on the whole than the counts 
found for the rats in group I receiving the entire salt mixture. 
With two of the t w('h-(' rats we observed occasional platings which 
were low in L. acidophilus, but the preironderance of the organism 
in this group was unmistakable. The effect of magne.sium was 
studied to a limited degree. The results obtained with calcium 
and jrhospuorus plus magnesium werr; identical to those obtained 
with calcium and phosphorus. 

Occasional platings w'cre made of the feces of two other groups 
consuming diets in which calcium and phosphorus were the pre- 
dominating ions. The results of these corroborated the obser- 
vations made on group IV. The feces of these groups w’ere ex- 
ceptionally abumlant, yellow in color, and always formed; white 
streaks, suppo.sedly I'alcium phosphate, were often apparent. 

Group Kill, calcium carbonate replaced in casciti loic-salt diet. 
Six rats were u.sed in this grouj).'*’ When calcium carbonate 
alone w'as added to the casein low-salt diet equivalent in quantity 
supplied in 40S mgm. of Osborne-Mendel salt mixture, the ani- 
mals usually ceased to eliminate L. acidophilus in feces in much the 
same manner as did the low'-salt rats (see charts 1 and 2), although 
the acidurie organisms may have prevailed somewhat longer. In 

Wo are iii(lobt(‘d to Doctor James M. Orton for the rats in this group. The 
plan of replacement was identical with that used in the present investigation. 
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acklilioiL in this j 2 ;roiip the tondoncy toward roplac'oinent of L. 
acidopl, ////.S' by Sire plococrus feral is was part itadai'ly marked. The 
high (*onnts of bacteria otlua- than /.. aeidophilus were mainly due 
to the presenee of tlie strepto(*oeei. 

Group 1^, calriinii carhouate replaced in lactalhnmin lorr-sall diet. 
The intc^slinal flora of the T*ats of this group was very similar to 
the ealeium-c'arbonafe-supplemented gi'oup just discussed (group 
XIII). The animals of this group, however, were verj^ different 
from those of the former. Growth was mu(‘h more retarded; 
hyperemia, anorexia, and the usual signs of malnutrition pre- 
vailed when the phosphorus in the di('t was thus strictly limited. 

Group T//, potassium plur sodiuui chloride replaced. The ad- 
dition of sodium chloride and potassium did not prevent the 
change' in the inteslinal flora fi-om the aciduric to the non-acidu- 
ric type. That these elements are ineffective in and non-essen- 
tial to th(^ maintenaiu'c of the acidurie* int(‘st inal flora was further 
shown by the continual ion of L. acidophilus in the fecal matter 
of rats receiving all of the known dietary essentials ('xcept these 
elements, as in grouj) II. The feces of the potassium- and sodium- 
su])plemented animals wei'(‘ abundant, soft, and in contrast with 
the calciuni-supi)l(‘ment(‘d groups, very blac'k in (.'olor. 

Ifealimeuiaiiou. In no cfise in the low-wSalt group did the lac- 
tobacillus spontaneously return in appreciable numbers; more- 
over, oral administration of large qinintiti(»s of the organism 
failed to reestablish it in the feces of two low-salt rats so treated. 
However, realimentation with daily doses of 4()S mgm. of the 
Osboriu'-Mcndel salt mixtin*^ restored L. acidophilus in high 
counts to the feces of rats which had not shown this organism for 
39 to days on the plates poured in as low as 1:1000 dilution. 
With this quantity of salts in the diet, even though the basal 
diet (in(‘luding dextri/i) was greatly reduced, it was possible to 
restore the lactobacnlli and to maintain them when as little as 
three grams of the basal ration were consumed per day. 

Inasmuch as llie animals gi\'en calcium (carbonate alone failed 
to maintain the a(uduri<* flora it ^'eems strange that one rat on the 
casein low-salt ration when realimented with calcium carbonate 
regained /. acido]/kilus in its intestinal flora. Further discussion 
of this point is reserved for another section. 
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IJISCUSSION 

The study of the intestinal flora was undertaken in an effort 
to explain the diarrhea which occurs when tlie lapidly-growiiifi 
albino rat is transferred from tlu' pre-experimenfal stock diet to 
the highly purified, synthetic low-salt ration. Becausi; of the 
favorable influence of di'xtrin oi lactose on the jiresence of L. 
acidophibis in the intestine (Cheplin and Bettger, 1920) it was 
anticipated that the change from the stoi-k ration <0 the diet con- 
taining f).') per cent dextrin might be accompanied by a large in- 
crease of lactobacilli. 'I'lie apparent complete disappi'arance of 
the organism in certain groujis was theieh>;x a .surprising ];he- 
noraenon. 

While the intestinal flora of ihe albino rat has been extensively 
studied (.see Fro.st and Hankinson, 103ft and considerable infor- 
mation accumulated concerning (he fecal bacteria, t lie influence of 
the mineral .salts on the tran.sformation of th(' intestinal flora has 
received little attention. The results of the jiresent study leave 
little doubt that the inorganic part of the diet influences the in- 
testinal flora, and that even with considerable amount.s of favor- 
able carbohydrate (dextrin), the' normal flora is not maintained 
in the absence of certain dietary salts. While' it .seems true that 
in animals in poor nutritional .state the flora is altered, yet the 
influences of salts in the diet . as ob.served in the present study, are 
direct. The rats of the calcium-carlionate-.supplemented group 
XII 1 consumed their food regularly; their growth was compa- 
rable with that of group T, with Osborne, and Mendel salt mixtun* 
replaced. The only gross sign of poor nutrition was ;i .slight loss 
of hair apparent in a few members of the group: yet their intes- 
tinal flora was markedly changed. In replacement of ions, it 
appears that calcium alone is ineffective in m.aintaining the 
normal flora. An amount of phosphorus greater than that con- 
tained in the casein in the diet is apparently a necessary accom- 
paniment of the. calcium. How’cver, phosphorus alone did not 
prove sufficiently effective to maintain the u.sual predominance of 
aciduric flora over the other types, as indicated by the plate 
counts of the feces of a very limited number of animals receiving 
sodium phosphate. 
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The effectiveness of realimentation of low-salt rats with the 
Osborne-Mendel salt mixture in restoring L. acidophilus affords 
further proof of the specificity of salts in determining the flora of 
the intestines. With a basal ration as low as 4 grams per day the 
lactobacilli were restored on the addition of salts and could be 
maintained in large numbers even on further reduction of the 
basal diet to 3 grams daily, if at the same time the favorable mix- 
ture of salts fed was unchanged. Under such restriction of energy 
intake the weight of the animal rajiidly declined, but the acid- 
ophilus count remained high. 

From group V (calcium carbonate plus lactalbumin, low-salt) 
further evidence was secured supporting the theory that both cal- 
cium and phosphorus are necessary for the maintenance of the 
normal flora. The most difficult finding to understand in this 
series of studies is that calcium carbonate on the one hand was 
unable to maintain L. acidophilus in the calcium-carbonate- 
supplemented group XIII, whereas on the other hand, in one low- 
salt rat it was capable of restoring the lactobacilli and of main- 
taining the aciduric flora over a long period of time. Under tliis 
regime the growth of the animal was great ly retarded ; the maxi- 
mum weight attained was 131 grams, which was onh' a little more 
than the initial weight. It may be that with growth so re- 
stricted, the phosphorus present in the basal rat ion, together with 
the addl'd calcium, wa.s sufficient to maintain the flora. 

In human subjects the use of acidophilus milk has been found 
efficacious for the implantation of L. acidophilus. Fresh milk 
and lactose favor the development of acidurics in the intestine as 
stated by Rettger, Levy, Weinstttin and Weiss (1935). The 
success of implantation of L, acidophilus in milk feeding may be 
due in part to the large amounts of (calcium ami phosphorus which 
it contains. 

At present it is impossible to .suggest a mechanism by which 
calciiun and phosphorus influence the intestinal flora. It is of 
interest that this property is shared with lactose, which is now 
thought to play a r61e in calcium metabolism, apparently favor- 
ing the absorption and utilization of this element (French and 
Cowgill; Bergeim, 1926; Kline, Keenan, Elvelijem and Hart, 
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1932). Phosphorus plays an important part in carbohydrate 
metabolism and in fermentation of carbohydrate by yeast. It 
is not inconceivable that it may in a similar manner facilitate the 
utilization of the carbohydrate by the aciduric organisms. That 
the mineral (*ontent of th(! diet may alter the H-ion concentra- 
tion in the intestine and thus influence the existence of L. acid- 
ophilus is at present problematical, and the evidence concerning 
this supposition is meager. Recently Friedman (1936) reported 
that the pH of the feces indicates the type of organisms existing 
therein. Furt hermore, relative to the importance of calcium and 
phosphorus in the maintenance of the “aciduric” flora, she ob- 
served that as rats became rachitic, the number of acid-producing 
colonies diminished, while the number of non-acid-producing 
colonies increa.sed. It is apparent however, from her experi- 
mental methods and results that 7^. acidophilus was not con- 
sidered in the study and the acid-producing organisms on brom- 
crcsol-purple lactose agar plates were presumably the lactose 
fermenters of Escherichia coli type. 

The present investigation has not shown that L. acidophilus ac- 
companied or was the cause of the diarrhea which was typical 
both of the low-salt group and of all the groups in which calcium 
was lacking. The occurrence of the diarrhea and the change of 
the flora were not ob\'iously related : however, it may be signifi- 
cant that scant defecation in some groups was characteristic of the 
periods during which tb.e lactobacilh were absent. Perhaps, in a 
majority of cases, the diarrhea preceded the change of flora. 
Diarrhea in the later stages was frequently accompanied by high 
counts of coli and proteus type organisms. It appears, however, 
that, other conditions being kept constant, changes in calcium, 
phosphorus, potassium, sodium and chlorine induce environmental 
changes in the intestine which permit certain t3’pes of bacteria 
to proliferate while others are suppressed. The phenomenon may 
be due to combined physical, chemical, and nutritional conditions 
(for bacteria) obtaining in the intestine. Whether the effect is 
directly due to the complete removal of certain essential ions 
from the intestinal contents thereby rendering the menstruum 
unsuitable for the growth of certain species or due to the secretion 
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of products in the intestine bringing about the inhibition is a 
matter of conjecture. At present we are inchned to emphasize 
the former view. 


CONCLUSIONS 

Lack of salts in the diet is readily reflected in the intestinal 
flora of the albino rat, the usual aciduric flora with Lactobacillus 
acidophilus predominating being replaced by flora consisting 
mainly of organisms of the Escherichia coli and Proteus types and 
Streptococcus fccalis. 

The Osborne-Mendel salt mixture in the die! is markedly effec- 
tive in maintaining a flora high in Lactobacillus acidophilus. It 
also restorc's the balance of liac illarj" aciduri(!S in the intestinal 
flora which has been previously altered by dietary treatment 
involving deprivation of salts. 

Calcium and phosi)horus, when added to the low-salt ration, 
not only prevent the change of flora but sustain the lactobacilli 
in exceptionally high numbers. Under the experimental con- 
ditions of the present study, neither calcium nor phosphorus 
alone suflic(;s for the maintenance of the normal flora. 

Lactobacillus acidophilus does not flourish in the intestines of 
rats when sodium chloride and potassium comprise the inorganic 
supplement; neither does the withdrawal of these ions from the 
Osborne-JNTendel salt mixture lead to the disai)pearance of Lacto- 
bacillus acidophilus. 
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The bacteriologist is frequently confronted witli the problem 
of idcntifjang a yeastlike fungus isolated from some part of the 
human body, ■\lycclia-producing yeastlike organisms have 
long been known to i)lay an important role in disorders such as 
thrush, but only recently has etiologic significance been given to 
these fungi in certain dermatoses and pulmonary diseases. These 
fungi have also been found frequently in association with certain 
debilitating disca.ses such as carcinoma and tuberculosis and have 
been isolated from individuals with no demonstrable pathologic 
lesions. It is obvious that little progress will Ixi made in the 
understanding of the relation of these organisms to disease proc- 
esses unlil there is established a practical method for their identi- 
fication and classification. Since the bacteriologist isolates these 
fungi from the patient the methods of identification should be 
adapted to the resources of the bacteriologic laboratory, and the 
difTerential criteria upon which identification is based should be 
easily recognizable. 

Benham (1931), Shrewsbury (1934) and Langeron and Talice 
(1932) have discussed the complicated storj' of the attempts to 
place these organisms in their proper botanical position. Bcrk- 
hout (1923), Ota (1924 a, b), Redaelli and Ciferri (1929), Lan- 
geron and Talice (1932) and others have carried out laborious and 
detailed morphologic studies of this group, but no two authors 
have agreed on the proper taxonomic position of the fungi con- 

* Presented before the Society of American Bacteriologists, Indianapolis, Ind., 
December, 1936. 
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cerned. It is recognized by all medical mycologists that it is 
incorrect to use the term Monilia as a generic name for these 
yeastlike organisms because of the prior use of this terra as a 
designation for a wholly unrelated group of fungi. Shrewsbury 
(1934) has called attention to this fact and proposed that the 
precise taxonomic position be decided at a meeting of the Inter- 
national ('ongress of Mycologists. We, however, agree with 
Benham (1931) that the name Monilia, e.stablished by usage in 
the medical literature, should be retained as long as proof of a 
sexual phase completing the life cycle of the fungus remains un- 
discovered. 

Attempts to classify such a primitive group of organisms as 
the Monilias on a purely morphologic basis an* greatly handi- 
capped by the fact that reproduction occurs only by budding and 
the formation of mycelial threads. On the other hand a classi- 
fication based purely on biologic rea{^1i()ns .suih as the fermenta- 
tion of various and rare carbohydrates, as advised by ('astellani 
(1919), is not practical. By this method ('astellani (191()) iso- 
lated seven different species of M onilin from eleven cases of t hrush 
in one locality, London. Such a finding suggests that (‘ither the 
method of classification is inacctirate or that there is little hope 
of correlating the clinical picture with the si)ecies of fungus iso- 
lated from the lesion. Benham’s (1931) careful study of the 
“medical” Monilias represents a logical and careful ap{)r('ach to 
the problem of classification and she was abl(> to .separate these 
fungi into definite species by correlating niacroscoj)ic and micro- 
scopic morphology, fermentation Jt'aclions and serologic differ- 
ences. Stovall and B\ibolz (lt>32) comparc'd more thair two 
hundred strains isolated from spidum and recognized three differ- 
ent types by their characteristic colonies on malt agar, their 
carbohydrate fermentations and their action on milk. The de- 
pendence of the carbohydrate fermentation reactions upon the 
conditions under which the tests are carried out is w'ell illustrated 
by minor differences in reactions obtained by different observers 
with fungi w'hich are obviously inemlxTs of the same species. 

In attempting to classify 124 .strains of yeastlike fungi isolated 
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from patients in Duke Hospital vve frorpiently en(‘ountero(l organ- 
isms wliicli we were unable to elassify by the methods described 
by Stovall or Benham. A 1echnif{ue was developed, howx^ver, 
which was satisfactory in our hands for classifying the yeastlike 
fungi isolated from th(' vaginal tract bloiies and Martin, 1937) 
and the same procf'duies we]*(^ found a])plicable to tlie identifica- 
tion of organisms found in oiIku* parts of thf* body. In addition 
to the 124 strains isolated by us, 29 strains of Monim from vari- 
ous parts of this country and luigland were (‘ompared by our 
metliod with 1!) r(‘})rt‘sentativ(‘ strahis obtained from Benham 
(1931), Stovall and Bubolz (Bt32), Langeron and Talice (1932) 
and Heed and Johnstone (B)35). 

The method to b(‘ descril)ed has the advantages of using only 
simj)le, easily pr('j)ared m(‘dia and the (Titi'ria upon which sepa- 
ration is based an‘ sutlicicaitly distinctive to make identification 
of these organisms n'asonably certain for the bacteriologist with- 
out previous my(*ologic training. 


SOCRCKwS OF CCLIURES 

The unknown strains were obtained from the following sources: 


Sputum 

Vagina ... 

Feces 

Skin 

Lurigb (post-inortein) 
l^iver (post-niorUnii) 

Bile . ... 

Throat 

Tongue 

Pleural fluid 

Dog feces 

Lymph node 

Source unknown 


1 lit Lsohiteil 

DiiKe Ihii'pxtal eheuhere^ 


47 20 67 

50 0 59 

8 0 8 

8 1 4 

3 1 4 

1 0 1 

0 I 1 

0 2 2 

1 1 2 

0 1 1 

2 0 2 

0 1 1 

0 _J. 

124 29 153 


* These strains were obtained through the courtesy of various physicians in 
this country. Six strains wore sent by Dr, Haler of London The geographical 
distribution is rather wide: North Carolina 8 strains, New York t strains, Mas- 
sachusetts 3 strains, 2 strains from Arizona, Alabama and Virginia, and 1 strain 
from New Jersey and Colorado, respectively. 
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The followinp: 19 “known strains” were studied comparatively 
by the same methods used for the identification of the cultures 
listed above: 

From Dr. BcMiliam 

87 Mondia albicans Bonham’s no. 1755 

103 Mimdia alhicayia Bonham’s no 1773 

09 Moniha Krusii Bonham’s no. 1763 

88 Monitia parapsilosis Benharn’s no. 1735 

111 MoniUa Candida Bonham’s no. 1950, ATC’C- no. 2113 
From Drs. Stovall and Bubolz 

91 Monilin type I 

92 Monilia type 11 

93 Monilia typo 111 

From Drs Langoron and Talioe 

46 M ycoiorula psHosis Their no. 340 

44 M jicotorulo’ides oralis Their no 29C 

r’-70 Geoirichoidcs Krusei Their no. 683 

49 Candida iropicalis Tlieii no. 255 
r-76 Candida parapsilosis Their no 341 

171 Blastodendrion 'intervu dium Their no. 493 

47 M ycocandida mortifcra Their no 516 
From Drs. Bood and Johnstone 

238 Mon ilia type II 

239 Mondia type 11 1 

240 Monilin type D" 

242 Motuha type VI 

MP]TIIDDS OF IDENTIFICATION 

Although the methods proposed in Ibis ])aper may be found 
applicable to the identilication of other types of yeast like fungi, 
only data pertaining to the genus Monilia are presented in this 
paper. We are using the gimeric name Monilia as it has been 
generally interpreted in the medical literature; i.e., as including 
ycastlike fungi which reproduce by budding, by the formation 
of mycelial threads under certain conditions, and which never 
form asci or aerial hyphae. The K>9 identified strains of Monilia 
were divided into b species, including the 4 species described by 
Benham (1931). 

No single procedure can be relied upon for identification of all 
species and all the stops outlined should be performed. Since it 
has been found t£at most variations can be accounted for by 
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slight differoiu’cs in composition and pll of the various substrata, 
the methods of making the necessary media are included in the 
appendix. 

/\n outline of the procedures necessary for identification is as 
follows : 

(1) The fungus is isolated on habouraud’s glucose agar slant, 
transplanted to (2) Sabouraud’s gluco.se aciu broth and incubated 
at 37“(’. for 48 hours. After noting the type of - irfacc growth, 
the tube is tluai shaken to susixaid tlie .sedimented organisms and 
(3) streaked on a beef-extract blood agar j)late of pll 7.4, which 
is inculcated at 37°(’. for 10 days: the type of colony is noted, 
and (4) a w(‘ll-isolated colony is picked and transjclanted to a 
Babouraud’s glucose agar slant. 'I’liis is incubated at room tem- 
perature or 37°( ’. for 24 er 48 hours. Some of the growth is 
transplanted to a carrot plug which is kept at room temperature 
and sub.se(|uenlly examined for asci. "bhe rest of the material 
is streaked (5) on th(' surface of a beef-extract agar slant pH 7.4. 
The growth is .subcultur(‘d on this medium for 2 or 3 generations 
and (0) a loopful is streaked on a corn-meal agar slide culture 
which is iacubat('d at room t(*mpcraturc in a moist sterile cham- 
ber for several days, 'rhe slidt* is then fixed, stained and ex- 
amined microscopically for details of myci'lial growth. (7) Four 
beef-extract broth tubes, containing 1 per cent of glucose, sucrose, 
lacto.se and malto.se respectively, an; inoculated with a pipette 
containing a saline suspension of the last transplant of the fungus 
on the beef extract agar slant. 

GROWTH ON SABOURAUD's GLliCOSE AGAR .\ND SABOURAUd’s 

GLUCOSE BKO’JII 

All of our strains of Monilia grew luxuriantly on Sabouraud’s 
gluco.se agar and this medium has proved entirety satisfactory 
for the isolation of these fungi from all parts of the body. The 
organism develops quickly at room temperature or 37°C. and in 
all species except M. Krusei the colonies are raised, white and 
appear moist and “creamy.” Microscopic examination of the 
unstained organisms shows round or oval yeastlike budding cells 
with an occasional short strand of mycelium. Langeron and 
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Talicc (1932) havo elaborated on tlio size and shape of these cells 
(blastospores) and the position of the buds. In our experience 
the irregularitif'S of those features arc so great that no diagnostic 
significance can be attached to them, with the possible exception 
of M. Kntsci, in which the blastospores are long and narrow. 
Direct microscopic examination, however, should not be omitted 
since a young colony of (ieolrickuvi may resemble a Monilia, but 
can be differentiated easily by the characteristic oblong square- 
ended spores of the former fungus. 

Growth in glucose broth, especially in hanging-drop prepara- 
tions, has been frequently used to study the mycelial develop- 
ment of the various species. In our scheme of identification, the 
Sabouraud’s glucose acid broth (sec appendix) is used only for 
test tube culture and .serves three important jmrposes; (1) Puri- 
fication of the culture in instances where bacteria occur as con- 
taminants in the Sabouraud’s isolation slants. 'I'he acidity and 
high carbohydrate content of„this medium apparently inhibit 
bacterial growth and favor the dcAidopment of the fungus. 
Bacteria, if present, are delected subsecjuentlj' by plating the 
broth culture on blood agar. (2; (.'ertain .speci(;s of Monilia 
present a very characteristi'- tvqx* of surface growth in this me- 
dium and (3) this brotli culture must be the inocidum of the 
blood agar plate if characteristic colonics are t o be obtained on 
this medium. 

All broth tubes are incubated for 48 hours at 37%'. and ex- 
amined for surface growth (plate 1). Irregularities may occur 
if the tubes are incubated for a longer lime and the procedure 
loses diagnostic value. In cultures of M. Krusri a dry-appearing 
surface film is formed rvhich extends up the sides of the tube to a 
distance of 5 to fi mm. abo\'c the surface of the medium. A simi- 
lar surface growth occurs with M. Candida but the film is broken 
up by numerous small bubbles of gas and the extension of the 
growth along the sides of the tube is less (2 to 3 mm.). No sur- 
face growdh occurs in the other 4 species within 48 hours. Char- 
acteristic growth may or may not be obtained if bacterial con- 
taminants are present and the procedure should be repeated with 
a-pure culture if bacteria are found on the blood agar plate inocu- 
lated from the broth. 
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COLONY FORMATION ON BLOOD AGAR 

Bcnham (1931) and Langoron and Talice (1032) have attached 
diagnostic significance to giant colony characteristics. We 
attempted a differentiation of .<<j)eeies by noting the gro.s.s char- 
acteristics of 50 .strains grown on Sabouraud’s honey agar medium 
for 1 month. Although many oi the strains .showed differences 
which might be regarded as characteristic 1<i one very experienced 
in this type of study, irregularities occurred so equently that 
this procedure has lieen omitt'Tl from our scheme of classifica- 
tion. 

Tn the early experiments bill'd agar jdate- were streaked from 
the Sabouraud's broth culture to (Kueot bacterial contamination. 
The different, fungus spicies, however, grc'w so differently that 
the type of colony jirodu ed has been usial subseiiuently as a 
valuable procedure in species diffi'rcntiation. The plates are 
streaked from the Sabouraud's brotli culture after shaking the 
tube to re.su.spend the si'dimented organisms. If the jilates are, 
streaked from Sabouraud's glucose ag.ar or beef extract agar, 
colon}’ formation may or may not be characteristi(“ and we bidieve 
that the glucose pre.<(*nt in the broth inoculum may .serve to 
stimulate growth. .Vll plates are incuitaled at 37°C'. for 10 days. 
The following liescriptions of these* colonit'S prc.sent only those 
features which have* proved to be the most con.stant and of most 
value in species diagnosis (plate 2). 

Mnnilia alhicam. Well-isolated colonies are approximately 
1.5 mm. in tli.ameter, are more or less circular in outline and have 
a smooth bftrder. The .surface is .slightly convex and the whole 
colony is dull grayish-white in color. 

Monilia parapsilosis. Well-isolated colonies are smaller than 
those of M. albicans (0.0 to 0.8 mm. in diameter), the outhne is 
smooth and eircular and the surface is (]uite convex. The color 
is a definite pearly white. 

Monilia Candida. The fungus on blood agar produces large 
colonies which may attain sizes of 2 mm. and over. The colonies 
are circular but t.he most characteristic feature is the mycehal 
fringe which surrounds the entire colony. These mycelia grow 
beneath the surface of the medium and form a zone approxi- 
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mately 1 mm. in widt h. The color of the colony is grayish-white 
but is less dull in appearance than the colonies of M. albicans. 

Monilia Krusci. The growth of these organisms is ciharacter- 
ized by the great variations in size and shape which occur in 
colonies which are e(iually well isolated. The colonies vary from 
0.2 to 1.0 mm. in size and the borders may be round and smooth 
or irregular. The surface may be smooth, ridged, or nodular and 
heaped up in the center or flat. 

Monilia morlijera. Only four strains were studied but all of 
these produced colonies approximately 0.5 mm. in diameter 
which in general resembled the smaller colonies of M . Krusci. 

Monilia stcllatoiclca. Thi.s fungus produces largo colonics 
which are very characteristic. The colony is comixtsed of a small 
elevated central zone from which thick tapering “arms” radiate 
in an irregular manner, d hest* projections are made up of bud- 
ding cells on the surface of the medium, lletwc'cn lh(' surface 
projections mycelial threads can Ix' .';een I'xteiuling beneath the 
surface of the medium. The colony is readily distinguished from 
that of M. Candida by the thick radiatijig “anus” on llu' surface 
which give the whole colony the appearance of a “slur in the sky.” 

Although the colony appearance on blood agar is a di.st inguish- 
ing characteristic of most speck's, too much importance should 
not be attached to this feature alone until soin(! (‘xperkuicc is 
acquired in the khailification of numerous strains. A single 
colony on this medium is transfjianU'd to a Sabouraud’s glucose 
agar slant preparatory to subimiturc on the gluco.se-free medium. 
This transplant is necessary to obtain suflicient material to start 
growth on the beef-extract agar. ( arrot plugs (sec appendix) 
are inoculated from thi' pure culture on the Sabouraud’s slant, 
incubated for several weeks at r(.)om t-em])erature and are ex- 
amined for the prfisence or absence of large si)orc-containing cells 
(asci). Asci could not be found in any of the 1 72 st rains although 
the cultures were kept for 60 days and examined repeatedly. 

FEKMENTATION KEACTIONS 

Numerous investigators have attempted to (dassify these organ- 
isms by detenaining the ability of the fungus to ferment certain 
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carbohydrates with or without the formation of pas. Stovall 
and Bubolz (1932) are the only w'orkers who have been able to 
obtain consistent residts with a large number of strains. (Cul- 
tures of M. albicans, Monilia richmondi, Monilia psilosis, 
Monilia Pinoyi, Monilia, nnialondinensis, Monilia (Zillig) and 
Monilia pscndotropicalis obtained from the American Type (Col- 
lection, showed carbohydrate fermentation 'dentical with their 
type II (M. albirnns) when tested by (heir me’hod although 
those fungi previously had been classified as to s(‘i)arate species 
because, of their differences in carbohydrate reactions. I'hese 
authors used brom-t hymol-blue as an indicator and read results 
after incubation at 37"( '. for 7 days. Other \\orkers using appar- 
ently the same t('chni(iue have iiot been as successful in identify- 
ing the.«e fungi. Heed and .iohnstone (lti35) cultured 19 strains 
of Monilia from th(‘ fec(“s of patients with varicai'^ types of gastro- 
intestinal disturbances and atti'inpted to classify them by the 
midhod of Stovall and Bubolz (19.32) (fermentation of maltose 
and sucros<‘, clotting of milk and mycelial growth on malt agar). 
Six strains were idcmlified as tyjie 11 {M. albicans) and 2 strains 
as type 111 {M. catidida) but (he other 11 strains fell into various 
groups which wt'n^ designated as tj^pes R', V, and VI. Wo 
obtained cultures from these authors and .subjected them to the 
procedures outlined in this papc'r. Types IV and VI were both 
identified as Monilia parapsdosis (T\^Ie I) and type was identi- 
fied as a Vryplococcns. Ihtpkins and Ili'sseltine (193t)a) made 
the interesting observation that variations in carbohydrate 
fermentation could bo obtained by three different olxservers 
inocul.ating the same batch of medium with the sanu' strain of 
fungus. For example, one observer reported acid and gas in 
levulose, another obtained acid only and the third observed no 
acid or gas in this sugar. These authors showed that some of 
these differences could be accounted for by variations in the size 
of the inoculum. Benham (1931) also observed that different 
strains of the same species {M. albicans) gave variable results 
when tested with certain carbohydrates, and Wachiowak and his 
co-w’orkers (1934) reported that the same strain will vary from 
time to time, not only losing the power to ferment certain carbo- 
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hydrates but also apparently being able to acquire this ability. 
Langeron and Taliee (1932) considered the fermentation reactions 
to be too inconsistent for use as a method of identification. 
Lamb and Lamb (1935) proposi'd a method of determining the 
carbohydrate reactions by testing for the presence or absence of 
the carbohydrate after incubation for 1 month at 37°C. The 
results obtained by our method agrei* in every instance with those 
of Lamb and lAimb except, that sucrose and galactose are not 
fermented by M. parapsilosis when the broth tubes are sealed 
wit h vaseline. 

Our first. obser\'at ions on the carbohydrate reactions were as 
irregular as those obtained by most of the ])revious observers, 
variations being especially marked with maltose, sucrose, and 
galactose. The techniques described by St (wall and Bubolz 
(1932) and lienham ( 1 * 931 ) were followed as clos('ly as j)ossible but 
neither gave constant results in our hands when tested upon a 
large number of strains, (’onsistent reactions were finally ob- 
tained by developing the technicpic* described by Jones and 
Martin (1937). Of 109 Sirains classified into 0 species and tested 
with 9 carbohydrates, (uily 3 strains pn'sented exceptions. One 
of the 90 strains of M. alhicaru- failed to produce gas in dextrin, 
1 strain of M. Candida did iiot form gas in galactose and 1 strain 
of M. Krtisci did not ferment glucose or levulose. If only the 
four carbohydrate's necessary for diagnosis (glucosc', .sucrose, 
lactose and mallo.«e) be con.'.^idcred, there is only 1 exception 
among the 169 identified strains. 

The following point.-' in tfchnieiue should be emphasized: 

1. The organism must be a .subculture of the ‘'pure” strain 
picked from the streakfxl blood agar plate. 

2. The inoculum must be taken from the second or third sub- 
culture on the glucose-free medium. 

3. The organisms should be sus])cnded in 1.0 to 2.0 cc. sterile 
saline and pipetted into the broth tubes. This procedure is made 
necessary by the small amount of grow'th on the beef extract 
agar. 

4. The broth tulies mu.st hv. .seakxl wit h vaseline. M. parapsilo- 
sis regularly produces acid in .sucrose and galactose if the tubes 
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are incubated aerobically but does not form acid from either of 
these carbohydrates when sealed. The vaseline seal also prevents 
fading of the indicator after becoming acid. Keversal of color 
or fading may occur, however, if the. gas pressure in the tube 
forces the seal high enough to di.splace the cotton plug, allowing 
air to come in contact with the culture. 

5. The beef-extraci. broth should be ac; .irately titrated to pH 
7.2 before adding the indicator and auloclavinp ^see appendix). 
An increase of 0.2 pH will inhibit the fernu'utation of sucro.se and 
galacto-se by M. albicans- and neither acid nor gas will be pro- 
duced in glucose or levulose by M. parapsiJosis. 

6. Breakdown of the carbohydr.';fes .«houJ(l be avoided, prefer- 
ably by sterilizing the 2()-pcr cent carbohydrate solution Vjy 
filtration. 

7. 'rhe carbohydrate bioths should be used vithin 2 weeks 
after the carbohydrate' has been added to avoid slight changes in 
pH on .staneling. 

All data pre.sented in table 1 are readings mtide after 10 da3’'s 
incubatiem at ;i7'^( '. 

Ilie fermentation reactions of M. Knis^ci and M. parapsilosis 
are identical and the.se species cannot be differentiated bj'^ this 
procedure, but. the flat dry growth on Sabouraud's agar, the sur- 
face growth on Sabouraud’s glucose broth and the irregular 
poor growth on blood agar easily distinguish Krusci. Four 
strains of M. para])silo{<}ti produced onlj' a small bubble of gas and 
1 strain of M. Krusn failed to ferment anj' carbohydrate what- 
soever. 

All of the vaginal strains have been tested for their ability to 
clot milk and the results agreed entireh' with those obtained by 
Stovall and Bubolz (1932), the new species M. stcllatoidca being 
similar to M. albicans in this respect. The test, although quite 
satisfactory, is not necessary for diagnosis and was omitted from 
the study of the other strains. 

MYCELIAL GROWTH 

Langeron and Talice (1932) classify these mj'cc'lia-producing 
yeastlike fungi by criteria based chiefly' on differences in the 
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type of mycelial growth. In any purely morphologic study the 
question always arises as to the significance of minor differences 
in structure. These authors not only separate these fungi into 
different species but into different genera on the basis of varia- 
tions in mycelial structure. Two strains of M. psilosis from 
Puerto-Rico were studied by them and classified into two different 
genera, Mycotontla and Mycoloniloides. We obtained cultures 
of type species from these authors and found Mycoforvla psilosis 
and Mycotoruloides ovalis to be indistinguishable from M. albicans 
by any one of the methods described, includmg reciprocal agglu- 
tinin absorption tests. Their genera Candida and lilastodendrion 
were both identical with our species of Mon ilia Candida. 

Bonham (1931) describes the mycelial growth of the various 
species on corn-meal agar and emphasized chlamydospore forma- 
tion in cultures of M. albicans. Stovall and Bubolz (1932) 
differentiate tj^res 1, 11 and III by noting qualitative differences 
in the amount of mycelial growth around colonies grown for 48 
hours on malt agar. This method has not been found reliable in 
other laboratories. Reed and Johnstone (1935) obtain('d no 
mycelial growth on malt agar plates with t >qres I V and I (shown 
by us to be identical with, type I) and Hopkins and Ilesseltine 
(1936) noted that variations could be produced by varying the 
thickness of seeding of the plates. 

Mycelial development, in corn-meal agar slide cultures was 
studied in all of the 172 strains describetl. The slide culture 
technique was e.ssentialiy the same as that described by Bcnham 
(1931) except that no coverslip was used and the preparations 
were fixed and stained with lactophenol and cotton-blue (see 
appendix). The inoculum in every case was taken from the 
second or third subculture of the fungus on the glucose free 
medium and the inoculating loop was streaked heavily the length 
of the slide, cutting the surface of the agar. The cultures were 
incubated at room temperature and after the mycelia had de- 
veloped the slides were dried in the air and stained. In spite of 
all efforts to maintain a constant technique variations in the 
amount of mycelial growth occurred. M. albicans most fre- 
.quently develops a "tree-like” branching mycelium with swollen 
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thick walled colls (chlamydospores) on the tips of the mycelial 
branches but occasionally only a single mycelial “twig” bearing a 
few chlamydospores can be found in the entire slide. If the 
mycelium develops well certain “typical” structures may be 
regularly found and the following descriptions are based on only 
the most constant and characteristic features presented by each 
species (plate 3). This procedure cannot Ix' omitted from our 
identification scheme as this step is necessary to rule out the 
yeastlike fungi which do not form mycelia {Cryptococcus and Sac- 
charomyces) . 

M . albicans produces a well developed branching “tree-like” 
mycT'lium which develops (dilamydu.^ pores on the tips of most 
branches. The ball-like structures described by Benham (1931) 
and Langeron and Talice (1931?) occur occasionally but such 
clumps of spores are rare in corn-meal agar shde cultures inocu- 
lated from sugar-free media. 

M. parapsilosis produces mycelia with difficulty but such a 
mycelium, when formed, is fairly well developed and branched. 
No chlamydospores are found. 

M. Candida forms mycelia very readily, the hyphal elements 
pnjjecting for a considerable distance from the line of streak. 
Numerous spores are found scattered throughout the mycelial 
branches. There are no chlam 3 ’dospores. 

M. Krusei forms mycelia which, when well developed, appear 
as naked threads which branch only at wide intervals. The long 
narrow spores occur in groups wliich lie in irregular masses re- 
sembling a bundle of “crossed sticks.” No chlamydospores are 
found. 

M. mortifera produces a branched mycelium very similar to 
that formed by M. parapsilosis. 

M. stellatoidea produces mycelia and dense ball-Uke clusters 
are formed with great regularity, thus resembling the structures 
previously described by Benham (1931) and Langeron and Talice 
(1932) as characteristic of M. albicans. Two of the 29 strains 
studied had single chlamydospores. 

The most striking discrepancy found in the studies of mycelial 
development was the failure of M. albicans to produce the dense 
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ball-like clusters previously reported as characteristic for this 
species. This constant finding in our 96 strains is due, we be- 
lieve, to the use of the scanty growth of the organism on the 
sugar-free medium as inoculum. Both strains of M. albicans 
from Benham and Mycotorula silosis and Mycotoruloides ovalis 
from Langeron and Talice developed chlamydospores but no 
large clusters. It should be noted that chlamydospores do not 
form regularly if the corn meal agar is inoculated from Sabou- 
raud’s agar or Sabouraud’s broth cultures. Tt is conceivable 
that the transfer of small amounts of glucose from the inoculum 
may cause irregularities similar to those previously noted in the 
carbohydrate fermentation reactions. M. sicUatoidca regularly 
produces large clusters but only rarely is a single chlamydospore 
found. 


SEROLOGIC STUDIES 

The lack of correlation between the morphologj’ and the bio- 
logic reactions of these fungi has led several investigators to 
study the possibility of using a serologic miithod for differentia- 
tion. Immune rabbit sera have been i)repared and tested for 
agglutinins (Benham, 19?-1, Almon and Stovall, 1934, Hines, 
1924) for precipitins (Stone and (larrod, 1931, Kesten et ah, 1930, 
Lamb and Lamb, 1935) and for complement -fixing antibodies 
(Stone and (larrod, 1931). A study of the results obtained by 
these authors indicates that antibodies can be obtained in good 
titer and are of value in confirming an identification established 
by other methods. The experience of these investigators has 
shown that M. albicans and M. Candida cannot be differentiated 
by either precipitin or agglutination tests even after the sera have 
been absorbed with the appropriate antigen. CYoss agglutina- 
tion among more unrelated species has also been a problem al- 
though most of these difficulties can be overcome by the use of 
specifically absorbed sera. The close antigenic relationship of 
some of the members of this genus and the variation in titers 
obtained with various strains of the same species exclude both 
agglutination and precipitin tests as procedures of practical value 
in identifying large numbers of strains. For example, in Ben- 
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ham’s paper, table 4, are listed the agglutination reactions of 30 
strains of M. albicans obtained from various sources and identi- 
fied morphologically. Eighteen of these strains (60 per cent) 
were agglutinated to high titer by the homologous serum only, 
in 4 instances the same titers were obtained with anti-albicans 
and anti-A'rwsc? serum and in 8 strains the titer in anti-Anisci 
serum was only slightly less than the titer observed in anti-albi- 
cans serum. We have run a number of agglutim. ion tests using 
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various immune rabbit sera, with essentially the same results. 
Attempts were made to control the reaction by using organisms 
grown on sugar-free media for the test suspension and by using 
sera prepared by injection of organisms grown on the same me- 
dium. Attempts w'ere also made to find the optimal dilution of 
the suspension to be used in the test as w'cll as the effects of varia- 
tions in temperature on the agglutinating reaction. Consistently 
higher titers were obtained when the antigen suspension was 
diluted 1 : 1000 by volume and the reaction was read after one 
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hour incubation in the 55°C. water bath instead of shaking at 
room temperature or incubating at 37°(’. Such an increase in 
titer did not lead to greater specificity. Since many strains form 
a granular suspension in the control tube, determinations of exact 
titers are frequently difficult. C’omplement-fixation tests were 
used for the purpose of obtaining a more definite end point but no 
increase in specificity was attained. 

Table 2 summarizes the results of 139 te.sts on 119 strains of 
Monilia all of which hav^e been identified by the above-described 
procedures. The results indicate that the serologic reactions are 
of value, in that the previously described criteria of separation 
into species can be correlated to some degree with differences in 
antigenic structure, but may lead to erroneous diagnoses if relied 
upon for routine identification. 

PATHOGENICITY EXPERIMENTS 

The pathogenicity of M. cdhicans for rabbits has been well 
established by Benham ti93]) and Stovall and Pes.sin (1933). 
The latter authors found M. Candida (type HI) to be pathogenic 
only in enormous doses and M. parapsilosis (type I) to be in- 
capable of causing any demonstrable le.siou in rabbits. Six 
strains of M. albicans were inoculated intravenously and all the 
rabbits died in 4 to 5 days with the typical lesions in the kidney 
described by the above nanjed authors. Three strains, of M. 
albicans caused definite abscesses in the skin 48 hours after intra- 
cutaneous inoculation. Three strains of M. stellatoidea in 
equivalent doses (approximately one half the growth on a Sabou- 
raud’s slant) did not cause death in any of the rabbits. One 
animal was killed on the seventh day after inoculation and ex- 
amined carefullj' for lesions but none could be found. The 2 
surviving rabbits were inoculated with M. albicans 2 weeks after 
the initial dose of M. stellatoidea and both animals died within 6 
days. Three strains of M. stellaioidea produced no abscesses 
after intracutaneous inoculation. Two of the four strains of 
M. mortifera inoculated intravenously and intracutaneously, 
showed no evideiyies of pathogenicity. M. albicans, therefore, 
is the only pathogenic species of this genus, if we accept the 
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ability to produce lesions in the rabbit as evidence that the fungus 
possesses pathogenic properties for man. 

UNIDENTIFIED STRAINS 

Three strains of Monilia could not be identified with any of the 
6 species deseribi'd above. These organisms differed, not only in 
carbohydrate; fermentation and colony forr..'ttion on blood agar, 
but in the type’ of mycelial growth in coin-m('al n -ar. We have 
avoided describing thcmi as new specie's be'cause ve feel that at 
least 4 or 5 similar strains should be studic-el as a group before 
significane'c is at.tae'heel to the failure of an oe casional organism to 
fall into an ernpirie- laboratory classification. 

SUMMARY OF DII TEREXTIAL CHARACTERISTICS 

The fe)lle)wing summary describc'S only the most important 
and oemstant fe-at lire's upon vhii'h spee-ies differentiation is based. 
The ferment at iem reactions of only 4 carbohyelrates, glucose, 
sue-rose, lactose and maltose, are consielercd. 

M. alhirans. ('re'eimy I'olony on Sabouraud's agar; no surface 
growth in Sabouraud's broth: medium-sizeel dull gray colony on 
blood agar; chlamydospeires in corn-meal agar; ae'id and gas 
formation in gluco.^e anel maltose, acid iii sucrose. 

M. parapsilo.'iis. Creamy ce>lony on Sabouraud’s agar; no 
surface growth in Sabouraud’s broth; small, raised, pearly white 
colonies on blood agar; mycelium forms with difficulty in corn- 
meal agar; acid and gas formation in glucose. 

M. Candida. Creamy colony on Sabouraud’s agar; surface 
growth on Sabouraud’s broth characterized by narrow film broken 
up wfith bubbles; mycelial fringe around colonics on blood agar; 
mycelium forms readily in corn-meal agar; acid and gas produced 
in glucose, sucrose and maltose. 

M. Krusei. Flat dry colony on Sabouraud’s agar; extensive 
surface growth on Sabouraud’s broth; irregularity in size and 
shape of colonies on blood agar; mycelium shows few branches 
with spores arranged like “crossed sticks” in com-meal agar; acid 
and gas formation in glucose. 

M. mortifera. Creamy colony on Sabouraud’s agar : no surface 
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growth in Sabouraud’s broth; small colonies on blood agar; poorly 
developed mycelium in corn-meal agar; acid and gas formation in 
glucose, sucrose and lactose. 

M. stellaioidea. Creamy colony on Sabouraud’s agar; no 
surface growth in Sabouraud’s broth; “star in the sky” appear- 
ance of colonies on blood agar; large ball-like clusters of spores in 
corn-meal agar; acid and gas formation in glucose and maltose. 

DISCUSSION 

Little progress can be made in the understanding and recogni- 
tion of fungus diseases until there is developed a practical method 
of identification of the cau.sative agents. Furthermore, the 
mycologic flora occurring in normal individuals must be estab- 
lished before too much significance can be attached to the find- 
ing of yeastlike organisms in the sputum, vagina, skin or feces of a 
patient. The burden of routine identification falls on the bac- 
teriologist and the methods of identification, therefore, should be 
adapted to the resources and training of one trained in bacterio- 
logic technique. 

In the scheme of identification proposed in this paper, purely 
mycologic methods (grow tli at various temperatures, morphology 
of the conidia, etc.) have l)ecn largclj' disregarded since even a 
cursory survey of the literature reveals that there is practically 
no agreement among mycologists as to terminology, classifica- 
tion or methods of study. In i he index of Dodge’s (1935) book 
103 different species names are listed for tlie genus Monilia. An 
intensive survey of the literature for the criteria by which these 
species have been classified has not been attempted, since many 
species have been renamed and reclassified by investigators who 
did not study the organisms themselves but relied upon pub- 
lished descriptions. The synonomy presented here (charts 1 and 
2) is incomplete but is included for the purpose of illustrating the 
extremely complicated terminology that results from placing too 
great emphasis on variously interpreted morphologic details. 

We agree with Benham (1931) that the generic name Monilia 
should be retained until a perfect stage on the life cycle of these 
organisms can lie demonstrated. The present concern of the 
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bacU;riul( (gist and clinician is the recogiiitiou and treatment of 
fungus disease in the patient. Increase in our knowledge of 
these problems cannot be expected until there is a practical 
method of identification and a terminology that is generally 
accepted. 


BUMM.ARY 

One hundred and fifty-three unidentified strems of Monilia 
isolated from various sources were studied and compared wdth 
19 “known” species types obtained from other investigators. 
One hundred and fifty of these organisms could be classified ip 
one of 0 sjiecies. The methods u'led in classification are com- 
paratively simple and the criteria upon which identification is 
based are easily' recognizable if the techniciue described is rigidly 
followed. 


APl’KNDIX 

Sahouraud's glucoM agar Bacto-Klucose 40 grams, Fairchild's peptone 10 
grains, agar 25 grams, (iihtilh‘<l wati‘r 1000 cc. Molt m autoclave, filter through 
cotton, tube and sterilize in autoclave at 15 pounds pressure for 15 minutes. No 
pH adjustimuit necessary. 

Sahouraud' s glucose arid broth. Same formula as for Sabouraud's glucose 
agar except that no agar is added. No filtration or pH adjustment is necessary. 

Beef extract agar. Difeo beef extract 3 grams, NaCl 5 grams, Difeo peptone 
10 grams, agar 25 grams, distilled water 1000 cc. Melt in autoclave, titrate to 
pll 7.6, filter through cotton, tube and autoclave at 15 pounds pressure for 15 
minutes. Final pH 7.4. 

Beef extract blood agar. Same basic formula as for beef extract agar with the 
addition of approximately 10 per cent sterile citrated sheep’s blood. 

Carbohydrate broth. Difeo beef extract 3 grams, NaCl 5 grams, Difeo peptone 
10 grams. Make up to 900 cc. m distilled water. Heat to boiling and titrate 
exactly to p)H 7.2. Add 100 cc. of indicator solution (see below), filter and tube 
in 10 cc. quantities. Autoclave at 15 pounds pressure for exactly 15 minutes. 
Add 0.5 cc. of a 20 per cent solution of the carbohydrate sterilized by filtration 
through a Seitz filter. The broth sliould not be kept for more than 2 or 3 weeks 
because slight changes in pH may occur. 

Indicator solution. Brom-thymol-blue 0.04 gram, distilled water 100 cc. Add 
a small amount of 1 n NaOH to make the solution alkaline. When indicator is in 
solution, neutralize with 1 n HCl until the exact neutral point is reached and 1 
drop of either acid or alkali will cause a complete change of color. 

Corn meal agar, 62.5 grams corn meal in 1500 cc. water. Heat to 60°C. for 
one hour. Filter through paper and make volume up to 1500 cc. Add 19 grams 
of agar. Arnoldize for one and a quarter hours. Filter through cotton, tube and 
sterilize. No adjustment of pH necessary. 
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Carrot plugs. Carrots are cut into cylinders with a cork borer and made into 
slants by a Jong diagonal cut. A small wad of cotton is put in the bottom of the 
test tube before inserting the carrot and the tube is autoclaved. Sterile distilled 
water is added at intervals to prevent drying. 

Fixation and staining of slide cultures. Dehydrate slides by leaving them in 
air at room temperature for 36 to 48 hours. Stain for 15 minutes with lacto> 
phenol cotton-blue (sec below). Pour off stain and immerse in 70 per cent alcohol 
for approximately 10 minutes (till agar is almost completely decolorized). Run 
the slide through 95 per cent alcohol, acetone, a mixture of equal parts of acetone 
and xylol and finally xylol. Remove from xylol and mount immediately in neu- 
tral balsam. 

Lacto-phenol cotton-blue. Phenol crystals 20 grams, lactic acid 20 cc., glycerol 
40 cc., distilled water 20 cc. Dissolve by gentle heat under hot water tap. Add 
1 gram cotton-blue. 
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PLATE 1 

Photogkaph Illustrating Various Types of Growth in Sabouraud^s 
Glucose Acid Broth Incubated at 37°C. for 48 Hours 

A. No surface growth (Af. albicans, M, parapsilosis, M. stellatoidea or M. 
mortifera). 

B. Bubbly surface growth with thin film (A/. Candida). 

C. Extensive development of surface film (A/. Krusei). 
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PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY 
OF AMERICAN BACTERIOLOGISTS 

EASTERN PENNSYLVANIA CHAPTER (i24TH MEETING) 
Rockbfbllsb Institute for Medical Rbsbabch, Princeton. J., Mat 1, 1937 


Baci'ERIOPHage. John //. Northrop, 

The Rockefeller Institute, Princeton, 

N. J. 

Krueger and Northrop found that the 
kinetics of the action of bacteriophage 
could be quantitatively accounted for 
by the following assumptions: 

1. The bacteriophage increases in 
proportion to the percentage increase 
in bacteria. 

2. When a certain critical concentra- 
tion of bacteriophage to bacteria is 
reached lysis occurs. 

A protein has recently been isolated 
which possesses the properties of bac- 
teriophage. 1 X mgm. of this 

preparation will cause lysis when added 
to growing cultures. During the reac- 
tion more of the bacteriophage protein 
is formed. The loss in activity of a 
solution of the protein is proportional 
to the denaturation of the protein at 
various temperatures and at different 
pH values. The protein is adsorbed by 
susceptible living or dead bacteria to 
the same extent as is the bacteriophage 
activity. Neither the protein nor the 
bacteriophage activity is adsorbed by 
resistant bacteria. The rate of diffu- 
sion of the protein is the same as that of 
the active agent and the diffusion coef- 
ficient is 0.02 om.Vday, corresponding 
to a molecular weight of about 500,000. 

The protein is not digested nor is 
the activity decreased by trypsin oy 
papain. Chymo-trypsin inactivates 
the preparation and this inactivation 


is accompanied by the formation of 
protein insoluble in one quarter satu- 
rated ammonium sulfate. There is no 
detectable hydrolysis of protein during 
this reaction. 

The ultra-violet absorption spectrum 
agrees with that calculated from Gates* 
inactivation experiments with ultra- 
violet light and bacteriophage. 

The Coccobacilliporm Bodies op 
Fowl Coryza and Mouse Catarrh. 
John B. Nelson, The Rockefeller In- 
stitute, Princeton, N. J. 

The isolation of a new type of infec- 
tive agent associated with catarrhal 
diseases in chickens and mice, respec- 
tively, is reported. Exudate from both 
hosts contains small Gram-negative 
cells, referred to as coccobacilliform 
bodies, which reproduce the essential 
features of the two diseases on nasal 
instillation. These bodies are pre- 
dominantly spherical; generally under 
O.fiii in diameter; filterable through 
large-pored collodion membranes; and 
cultivable in tissue cultures. Their 
growth in tissue cultures is not depend- 
ent on living cells but on some diffusible 
cell constituent. Recently isolated 
strains show no evidence of growth in 
nutrient media enriched with blood. 
The fowl-coryza bodies, however, may 
survive in blood broth and if carried 
through an extended series of transfers 
ultimately grow sparsely in it. 

The precise nature of these cocco- 

181 
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bacilli form bodies is undetermined; 
their characteristics suggest an inter- 
mediate position between the ele- 
mentary bodies of vaccinia and allied 
viruses and the bacteria. 

Isolation of Mild Strains op Aster 
Yellows from Heat-treated Leaf- 
hoppers. L, 0. Kunkelf The Rocke- 
feller Institute, Princeton, N. J. 

The virus disease, aster yellows, 
which affects about 170 different kinds 
of plants and is transmitted by the leaf- 
hopper Cicadula sexnoiata (Fall), shows 
great constancy as regards the type of 
symptoms produced on any one of its 


many host species. Strains differing in 
severity have not been found in nature, 
but recent experiments have shown 
that viruliferous leafhoppers held at a 
temperature of about 32°C. for a few 
days frequently transmit mild strains 
instead of typical severe yellows. 
Twelve strains have been isolated by 
this method of heat treating the vector. 
All of the variant strains differ from 
field yellows in causing a less severe 
chlorosis of leaves, stems and flowers 
and less uprightness in habit of growth 
of infected plants. They also cause 
less stunting. 


NORTH CENTRAL BRANCH 
University of Wisconsin, May 7-S, 1937 


Phosphorylation in the Living Bac- 
terial Cell. W, Paul Wiggert and 
C. H. Werkmanf Department of 
Bacteriology, low’a State College, 
Ames, Iowa. 

Trichloracetic acid extracts are 
obtained from cells of Aerobacter 
aerogenes in the absence of glucose (1) 
and in the presence of glucose (2) . The 
extracts are analyzed for the various 
phosphorus esters present. The ortho- 
phosphoric acid is less in (2) than in (1) 
and the difficultly hydrolyzable phos- 
phoric acid is greater in (2) than in (1). 
The difficultly hydrolyzable phosphorus 
is computed as (total acid soluble P) — 
(P determinable after 30 min. hydroly- 
sis in N HCl at lOO^C.). Since total 
acid-soluble P increases in (2) as com- 
pared to (1), the difficultly hydrolyz- 
able P has increased, apparently at the 
expense of both the orthophosphorus 
and the acid-insoluble phosphorus. 
The decrease in ortho P and the in* 
crease in combined P indicate that 
phosphorylation is taking place. The 
cells under the conditions of our experi- 


ment have been demonstrated to be 
at least 76 per cent living by a compari- 
son of plate count and microscopic 
count. Cells from a 16-day culture of 
A, aerogenes f in which a large majority 
arc dead, brought about no such change 
as occurred in the experiments de- 
scribed above, so that the changes 
shown are due to living cells. 

Growth-Factors for the Propionic 
and Lactic Acid Bacteria. H, 0, 
Woody A. A. Anderson and C. H. 
Werkmany Bacteriology Section, 
Iowa Agricultural Experiment Sta- 
tion, Ames, Iowa. 

Wood, et al (J. Bact. 88, 227, 1937, 
Proc. Soc. Exp. Biol. Med. 86 , 217, 
1937) and Tatum, et aL (Biochem. J. 80 , 
1898, 1936) have shown that an ether- 
soluble acid, vitamin Bi and lactoflavin 
stimulate growth of the propionic 
acid bacteria. In (NH 4 )tS 04 medium 
Propionihacterium arahinosum, 34W, 
and Propionihacterium pentosaceum, 
49W, grew vigorously throughout num- 
erous transfers. If any one of the 
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three stimulants was omitted growth 
was reduced or prevented. Other 
propionic cultures 9W, IIW, 23W, 
62W, 63W failed to grow on this 
medium after the third transfer. 
When hydrolyzed casein or purified 
amino acids were added, the cultures 
grew vigorously, but certain of them 
will grow in the absence of amino acids 
when additional suitable growth fac- 
tors (thioglycolic acid and pantothentic 
acid) are included. There is some 
evidence of a change in the nutritional 
requirements of the bacteria through 
adaptation. 

The heterofermentative lactic bac- 
teria require hydrolyzed casein. 
There are some differences within the 
group. The ether-soluble acid is essen- 
tial. Tryptophane is indispensable to 
some and not to others. With one 
exception either Bi or lactoflavin must 
be present since there is no growth if 
both are omitted. 

Notbs on the Physiology of a d-LAC- 
Tic Acid-Forming Organism. A, A, 
Anderson, H, G. Wood ,and C, H, 
Werkman, Bacteriology Section, 
Iowa Agricultural Experiment Sta- 
tion, Ames, Iowa. 

A description and discussion of the 
physiology of a lactic-acid-forming 
organism of the homofermentative 
type are given. The distinctive char- 
acteristics of this organism arc: (1) 
it does not require amino acids or pro- 
teins, utilizing (NH 4 )jS 04 as a nitrogen 
source in the presence of ether extract 
of acidified yeast extract plus either 
vitamin Bi or lactoflavin, (2) the organ- 
ism is catalase positive, (3) reduces 
nitrates, (4) grows well on an agar slant 
aerobically, but does not grow ana- 
erobically unless a fermentable carbo- 
hydrate or suitable hydrogen acceptor 
is present, (5) produces only dextro- 
lactic acid from glucose with a conver- 


sion of 97 to 98 per cent, (6) grows 
vigorously at 55®C. and as high as 60®C. 
and (7) the carbohydrates fermented, 
differentiate the organism. 

Further Studies on the Factors 
Affecting the Vitamin Bi Content 
OF Yeast. P. L. Paveek, W, IL 
Peterson and C. A . Elvehjem, Depart- 
ments of Agricultural Bacteriology 
and Agricultural Chemistry, Univer- 
sity of Wisconsin. 

The most important factor in deter- 
mining the vitamin Bi content of yeast 
is the nature of the medium. Bakers^ 
yeast appears to assimilate vitamin Bi 
from the medium but wdll synthesize 
the vitamin if it is absent. 

From grain-wort medium assimila- 
tion takes place as readily under 
anaerobic as under aerobic conditions. 
From a glucose-salts medium assimila- 
tion appears to be better when the 
medium is aerated. 

Sjmthesis of the vitamin (glucose- 
salts medium) is promoted by aeration. 

Further experiments on the relation 
of strain of yeast to vitamin Bi syn- 
thesis show that Endomyees vemalis 
possesses unusual ability to synthesize 
this vitamin. It is possible that the 
high vitamin Bj content of this yeast is 
related to fat metabolism a^ has been 
suggested in the case of higher animals. 

Variations in Salt Tolerance of 
Facultative Halophiles. G. B . 
Landerkin and W, C. Frazier, Uni- 
versity of Wisconsin. 

In a study of salt-tolerant organisms 
isolated from cheese salt baths it was 
observed that certain facultative halo- 
philes which had previously been able 
to develop on both nutrient agar and 
on the same medium containing fifteen 
per cent sodium chloride sometimes, at 
a later transfer, failed to develop on 
the salt-containing medium. By 
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transferring several of these cultures 
directly, and in suspension it was 
shown experimentally that the amount 
of inoculum is a determining factor in 
the initiation of growth on a high salt 
medium as in all cases excellent growth 
of the suspension inoculation resulted 
on the nutrient agar while the salt agar 
was barren. Only by the direct trans- 
fer was growth secured on the high salt 
medium. It is believed that this factor 
is of i)ractical significance in enumerat- 
ing the salt-tolerant organisms by 
plating on high salt media. 

An Equation for the Evaluation of 
THE Germicidal Properties of 
Sodium Hydroxide. C. R. Arnold, 
Max Levine and John Sharf, Iowa 
State College, Ames, Iowa. 

From published data on the germi- 
cidal efficiency of sodium hydroxide it 
was ascertained that the equation 
relating the killing time, concentration 
of caustic and temperature may be 
expressed as 

log 0 » S ~ a log C/ — bt ‘ 

where ‘*0’* is the killing time, is 
the concentration of sodium hydroxide, 
'^t^' is the temperature. ‘*S'^ is a con- 
stant characteristic tor the test organ- 
ism, and and *‘b'* are constants 
characteristic for the germicide. 

For sodium hydroxide the equation 
was found to be 

log 0 « 4.9936 - 1.7943 log 
C - 0.06549 t 

By means of these equations it is 
possible to ascertain the germicidal 
equivalents of sodium hydroxide for 
any designated concentration or tem- 
perature or killing time. 

Inhibition and Absorption of Anti- 
. CoLi Bacteriophage. Philip L. 


Carpenter, University of Wisconsin, 
Madison. 

Three strains of bacteriophage which 
lyse cultures of Escherichia colt and 
Escherichia- Aerohacier intermediates 
were isolated from sewage. These 
were employed in an investigation of 
the inhibition of lysis by aqueous bac- 
terial extracts, and absorption of bac- 
teriophage by heat-killed suspensions 
of coliform bacteria. Tests with 13 
strains of coliform bacteria showed that 
inhibition and absorption are parallel 
reactions, and it is suggested that the 
two phenomena are closely related. 

By means of inhibition and absorp- 
tion studies the coliform strains could 
be divided into five groups. One group 
inhibited lysis by two bacteriophages, 
three groups inhibited lysis by a single 
bacteriophage, while the fifth group 
exerted no inhibitive action. On the 
basis of recent work with the Salmon- 
ella group it may be assumed that these 
studies have serological significance, 
and therefore indicate that coliform 
bacteria possess a complex antigenic 
structure. 

Heat Penetration and Effective- 
ness IN the Canning of Meat in 
THE Home BY THE Pressure Cooker. 
C. /. Nelson, North Dakota Agricul- 
tural College. 

The data presented in this study were 
obtained in pursuance of a Bankhead- 
Jones project and a research project 
authorized by the W.P.A. Botll proj- 
ects resulted directly from the emer- 
gency condition that arose out of the 
great drought when a large share of 
the cattle of the state had to be slaugh- 
tered to save them from starvation. 
Meat was canned in 19 F.E.R.A. com- 
munity canning centers during 1934, 

It was apparent then, as it is now, 
that there is a lack of uniformity in 
recommended details for canning meat 
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in tins for domestic use. All emer- 
gency canning in North Dakota was 
done by using tin cans, the necessary 
sealing device for the cans, and a home- 
size steam pressure retort. 

Experimentation has shown that 
strict sterility, in the laboratory sense, 
is probably seldom accomplished. 
What combination of the variables 
involved is required to produce a 
product that will ^*kecp’* for a reason- 
able length of time, will be ‘*safe’^ for 
use, and palatable for food was the aim 
of the experimentation. The chief 
variables found are steam pressure, the 
time of processing, the size of the con- 
tainer, the method of cooling, and the 
type of meat to be canned. 

It was demonstrated that 

1. Harmless varieties of bacteria 
exist which survive processing, in a 
No. 3 can (885 grams of beef), at 15 
pounds steam pressure for periods 
approaching 110 minutes or 65 minutes 
in a No. 2§ can (725 grams). These 
organisms can contribute to spoilage, 
making the meat unfit for use. 

2. Toxin-producing anaerobes (Clos- 
iridium botulinum A and B) w^erc less 
hardy and did not survive such treat- 
ment. 

Sporulation in Relation to Colony 
Structx:rb, With Special Refer- 
ence to Bacillus Acetobthtlicum. 
H, C. Greene and E. B. Pred^ Univer- 
sity of Wisconsin. 

Investigation of the Antigenic 
Relationships among the Rhizobia 
OF THE Soybean, Cowpea, and 
Lupine Cross-Inoculation Ciroups. 
0. A. Bushnell and W, Sarles, 
Department of Agricultural Bac- 
teriology, University of Wisconsin, 
Madison, Wisconsin. 

Serological techniques, recognizing 
the r61es played by fiagella and by cap- 


sular gums in antigen-antibody reac- 
tions, are being applied to the root- 
nodule bacteria of the soybean, cowpea, 
and lupine cross-inoculation groups. 
Anti -sera for 3 types of antigens — the 
whole untreated cell; the cell less its 
flagella only; and the cell less both 
its flagella and its gum — have been pre- 
pared from each of 10 strains of root- 
nodule bacteria representative of the 
soybean, cowpea and lupine cross-in- 
oculation groups. Although much cor- 
roboratory work remains to be done, 
preliminary agglutination tests em- 
ploying these antisera suggest that some 
strains of the organisms from soybean, 
cowpea, and lupine plants possess com- 
mon antigens to a considerable degree, 
while other strains, apparently falling 
into different serological groups, show 
no relationships at all. 

It is hoped that further work with 
agglutination, agglutinin-absorption, 
and precipitation tests will clarify the 
antigenic relationships among these 
organisms, and perhaps show some 
correlation with the frequent inter- 
crossings which have been observed in 
cross-inoculation tests with bacteria 
and plants belonging to these three 
groups. 

The Infective Ability of Rhizobia 
OF the Pea-Vetch Cross-Inocula- 
tion Group. E. IP. Ruf and W, B, 
Sarles, Department of Agricultural 
Bacteriology, University of Wiscon- 
sin, Madison, Wisconsin. 

The influence of insolation, nitrogen 
fertilization and source of root-nodule 
bacteria used as inoculants upon the 
infective ability of the organisms for 
seven species of leguminous plants of 
the pea- vetch cross-inoculation group 
has been studied in successive green- 
house experiments carried on during a 
period of seven months. Cultures of 
Rkizobium isolated from species of 
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Piaunif Vida, Lathyrus, Cicer, Galactia 
and Phaseolus were used to inoculate 
seeds of the Alaska pea^ Austrian win- 
ter pea, Common vetch, Hairy vetch, 
Broadbean, Lentil and Chick pea. 
The plants were grown in sterile, 
nitrogen-poor sand containing various 
amounts of ammonium nitrate. No 
artificial illumination was employed. 

Rhizobia isolated from Phaseolus 
and Galactia plants failed to form nod- 
ules on any of the plant species em- 
ployed, while the one culture isolated 
from Cicer formed nodules only on the 
Chick pea. 

The different genera, species and 
varieties of plants of the pea-vetch 
group varied widely in their suscepti- 
bility to infection as indicated by 
nodule formation. Greater quantities 
of nitrogen fertilization were needed to 
inhibit nodule production and cross- 
inoculation during the early spring 
months than in the winter. 

Great differences were noted in the 
infective ability of the Rhizohium legu- 
minosarum strains used in these experi- 
ments, but the infectiveness of any one 
strain was apparently not govrcrned by 
its original source, that is, the plant 
species from which it was isolated. 

UsB OF Discriminant Function fob 
Differentiating between Soils 
WITH Different Azotobactbr Pop- 
ulations. William P. Martin and 
Gertrude M, Cox, Iowa State College. 

Growth and Respiration of some 
Soil Bacteria in Expressed Juice 
of Plants. D. W, Thorne and P. B, 
Brown, Iowa State College. 

The Nitrogen Nutrition and 
Growth of Yeast in Grain Wort. 
E, C, Saudek, D. R, Colingsworth, and 
L L, Baldwin, University of Wis- 
consin. ^ 


A study of the changes occurring 
during the growth of yeast in grain 
wort revealed that under the conditions 
employed 75 to 85 per cent of the nitro- 
gen and sugar in the medium were 
assimilated and destroyed during the 
first three hours of growth. At the 
same time the maximum percentage of 
cell nitrogen and the major part of the 
yeast crop were produced. During 
the eight hours of growth the pH of the 
medium was found to decrease from 
about 4.0 to 3.0, while the titratable 
acidity was found first to increase and 
then decrease until the end of the ex- 
periments. 

Various samples of malt sprouts were 
employed in the grain mash. It was 
found that sprouts differed greatly in 
their nitrogen content and the amount 
and types of nitrogen that could be 
extracted from them. Extractions of 
relatively high alpha-amino nitrogen 
content afforded the production of 
higher yields of yeast. 

Methods of supplying the nutrient for 
yeast growth were investigated. In 
comparison with the procedure in which 
all of the nutrient material was mixed 
before seeding, the gradual addition of 
the first filtrate (strong wort) to the 
growing yeast was found to be more 
beneficial. A more economical utiliza- 
tion of the nutrients and a greater crop 
of yeast resulted. 

An Unusual Occurrence of Htdro- 
GENOMONA6 sp. W, W, Umbreii, 
P. W. Wilson and S, Lee, University 
of Wisconsin. 

The **Ttbo8inasb Reaction” of the 
Actinomtcetbs. C. E, Skinner, De- 
partment of Bacteriology, University 
of Minnesota. 

Sixty strains of actinomycetes, 
freshly isolated from soil, produced a 
brown to black color on beef peptone 
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agar and on 15 per cent gelatin in water. 
All of the more than 60 strains which 
failed to produce the color in beef pep- 
tone agar also failed to produce it in 
gelatin and water. All of the strains 
of actinomycetes which produced the 
black color on beef peptone agar 
also produced it in four days in 
Conn’s sodium asparaginate-glycerol 
agar (pH 6.8 and 8.4), to which 0.1 
per cent or 0.01 per cent tyrosine was 
added. None of the strains which 
failed to produce the black color in beef 
peptone agar produced it in four days 
on either of Conn’s agar media with 
tyrosine. Some of the 60 strains which 
produced the color on beef peptone agar 
failed to produce the color in Czapck’s 
agar to which tyrosine was added. 
C’zapek’s agar media is not favorable 
for the development of this pigment 
with all strains of actinomycetes. 
Some strains which produced the color 
in beef peptone agar and some which 
did not, produced a lighter brown color 
on Czapek'e agar without tyrosine and 
in Conn’s media without tyrosine, on 
longer incubation. This brown pig- 
ment produced on longer incubation on 
nontyrosine media may be distin- 
guished from the darker pigment pro- 
duced rapidly on media containing 
tyrosine by its color visually, and by 
its greater solubility in water, alcohol, 
and chloroform. Some of the strains 
which failed to produce any pigment 
on beef peptone agar produced after 
longer incubation a hitherto unnoticed 
red pigment in synthetic media to 
which tyrosine was added, but not in 
the same media without tyrosine. 
This pigment turned gradually to a 
dark brown on incubation, most rapidly 
in Conn’s pH 8.4 agar. It is concluded 
that the production of the black color 
by “chromogenua** actinomycetes is 
due to tyrosine metabolism. The 
identity of this pigment and the red 


pigment is being investigated. The 
former is said to be melanin. The 
latter goes through the color changes 
of tyrosine when transformed to mela- 
nin by enzymatic action. 

Seasonal Fluctuation of Lake Bac- 
teria IN Relation to Plankton 
PRODUCTi»»N. A, T. Henrici, Uni- 
versity of Minnesota. 

Total net plankton, bacteria per 
cubic centimeter of water by plate 
counts, and bacteria per square milli- 
meter per day deposited on glass slides, 
were determined at weekly intervals 
throughout the period from melting to 
freezing of the lake, in a seepage lake 
during a drought year. There was no 
appreciable contamination of the lake 
with material W'ashed in from the sur- 
rounding land. Under these condi- 
tions, the curves for the bacteria by 
both methods followed very closely 
curves for the total plankton, lagging 
behind about one week. It is con- 
cluded, therefore, that the amount of 
organic matter produced by the plank- 
ton determines the growth of bacteria 
in lake water. 

Intermediate Metabolism of Aero- 
BACTER. M, Mickelson and C. H, 
WerkmaUf Department of Bacteriol- 
ogy, Iowa State College, Ames, Iowa. 
Dissimilation of pyruvic acid by the 
Escherichia- Aerohacter group yields 
acetic and formic acids, carbon dioxide 
and hydrogen. In addition, Esche- 
richia coli and Citrohacter freundii re- 
duce pyruvic acid to lactic, whereas 
Aerobacter indologenes forms only ace- 
tylmethylcarbinol and 2,3-butylene- 
glycol as reduction products of pyruvic 
acid. Pyruvic acid is probably hy- 
drated then split into formic and acetic 
acids, the former being dehydrogenated 
into COi and Ha. Aerobacter indolo- 
genes reduces acetic acid in the presence 
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of glucose to acetyl methylcarbinol 
and 2,3-butyleneglycol; however, no 
reduction occurs when formic acid 
replaces glucose as the hydrogen dona- 
tor. Evidence suggests that a more 
active form of hydrogen is necessary. 
Hydrogen from formic acid can, how- 
ever, reduce acctylmethylcarbinol to 
2,3-butyleneglycol. Escherichia coli 
accomplishes this reduction. 

Aerohacier indologenes forms more 
oxidized products under aeration. 
COs, acetic acid and acetylmethylcar- 
binol are increased while ethyl alcohol 
is reduced. Aeration under 45 lbs. 
pressure intensified this behavior. 

Possible P'actors in Resistance op 
THE Olfactory Mucosa to PJn- 
TRANCE OP Poliomyelitis Virus. 
Paul F, Clarkf University of Wis- 
consin. 

A Study op Various Protein F’rac- 
TioNs from Olfactory Mucosa of 
THE Calf, with Especial Refer- 
ence TO Resistance in Polwmye- 
LiTis. Rovelle Allen and Paul F, 
Clark, University of Wisconsin. 

The Incidence of Hemolytic Strep- 
tococci IN Young Adults of Col- 


lege Age, Afthuf TT, Frisch, Ray 
R, Rueckert, and Dorothy L. Chandler, 
University of Wisconsin. 

Bacteriologic Studies in a Case of 
Acute Meningitis Dub to Bacillus 
INFLUENZAE. E, C. Roscnow, Mayo 
Clinic. 

Cultural Methods for the Recogni- 
tion OF C. WELCHii IN Wounds. 
Lenore Robinson, Wisconsin State 
Laboratory of Hygiene. 

The Precipitin Test as a Means of 
Identifying Acid-fart Bacteria. 
Janet McCarter and E. G. Hastings, 
University of Wisconsin. 

The Inheritance of Factors M and 
N in Human Blood. Francis E. 
Holford, University of Wisconsin. 

Antibodies for Trichomonas foetus. 
Phyllis M, Nelson, University of 
Wisconsin. 

The Schwaktzmann Reaction Ap- 
plied to the Study of Certain 
Fungi. Gordon Worley, Wisconsin 
State Laboratory of Hygiene. 
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Diphtheria toxin purified by a variety of methods has always 
contained bacterial protein. This raises the question whether 
the predominant protein in purified preparations is a fragment of 
the bacterial protoplasm which carries the toxin, or is itself the 
toxin. In a previous paper (Eaton, 1936b) it was shown that in 
various purified preparations there is no relation between the 
titer of bacterial precipitinogen and the concentration of toxin. 
Furthermore, purification apparently reduces considerably the 
amount of bacterial precipitinogen, relative to toxin. 

This paper will describe methods of iso-electric point frac- 
tionation used for the separation of toxin and bacterial proteins, 
and will present evidence that the residuum of bacterial protein 
left in purified toxin after fractionation constitutes a practically 
negligible part of the total protein present. 

Small amounts of red porphyrin compounds are detectable by 
spectroscopic examination in purified and concentrated prepara- 
tions. The possibility that a protein combined with these por- 
phyrins may constitute another bacterial fragment in purified 
toxins must be considered. From studies of the properties of the 
porphyrins it appears that they are not firmly bound to any pro- 
tein in the purified preparations but are strongly adsorbed to pro- 
tein precipitates. A method will be described for the more 
complete separation of these colored substances from toxin. 
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On the basis of fractionation experiments described in the pre- 
vious paper of this series it was concluded that the purified toxin 
contained several proteins differing in solubility. It is now evi- 
dent that some of the protein then believed to be an impurity is 
actually slightly denatured toxin. 

METHODS FOR SEPARATING TOXIN FROM BACTERIAL PROTEIN 

Three different acid precipitation methods were applied to 
toxin purified by metal salt precipitation (Method III; Eaton 
1936a). The toxin solutions used were quite concentrated, con- 
taining 300 to 600 Lf units per cubic centimeter. 

1. Nucleic acid. An equal volume of 1 per cent nucleic acid 
solution neutralized with sodium hydroxide is added to the buf- 
fered toxin solution. The pH is adjusted to 5.3 with acetic acid 
and the resulting precipitate is centrifuged down, washed, and 
dissolved in dilute sodium bicarbonate solution at pH 8.4. 

2. Phosphoric acid at S7°C. A phosphate buffer solution of the 
toxin is adjusted to pH 5.0 with phosphoric acid and incubated at 
37°C. for one to two hours. A slight denaturation of the toxin is 
purposely produced in this way in order to lower its solubility. 
The precipitated toxin is -extracted with phosphate buffer at pH 
7.0 to remove traces of bacterial protein. Most of the toxin re- 
mains undissolved but may be dissolved in very dilute alkali. 
The pH is then readjusted to 8.4 by adding the requisite quan- 
tity of acid sodium phosphate. 

3. Acidified one-third-saturalcd ammonium sulphate solution. 
Ammonium sulphate to one-third of saturation is added to the 
toxin solution and the pH brought to 6.2. The small amount of 
colored precipitate is filtered off. The filtrate is then adjusted to 
pH 5.4 with sulphuric acid and placed in the ice box. The slow 
formation of a granular precipitate may continue for 48 hours. 
The precipitate is washed with one-third-saturated ammonium 
sulphate solution previously adjusted to pH 5.4, and dissolved 
directly in phosphate buffer. The whole procedure is then re- 
peated. 

If the toxin precipitate obtained as just described is sus- 
pended in water before adding buffer, denaturation occurs so 
that most of the toxin becomes insoluble at pH 7.0. 
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ISOLATION OF BACTERIAL PROTEIN 

Bacterial precipitinogen was detected and measured by means 
of the ring test using anti-serum obtained by injecting rabbits 
with washed diphtheria bacilli. Details have been given in the 
second paper of this series. All tests were read after four hours 
at room temperature when ring formation is at a maximum. 

From the supernatant remaining after the precipitation of the 
toxin at pH 5.0 to 5.4 the bacterial protein may be salted out by 
adding ammonium sulphate to 0.8 of saturation. Any toxin re- 
maining is also precipitated. The traces of toxin are separated 
from the bacterial protein fraction by acidifying the solution to 
pH 5.0 and incubating overnight. Complete removal of the 
toxin is indicated by failure of the bacterial protein fraction to 
bind antitoxin. 

After precipitation of the bacterial protein with five per cent 
trichloracetic acid, the neutralized supernatant gives no precip- 
itin test but the precipitate redis.solved in dilute alkali and neu- 
tralized gives a good ring with the antibacterial serum. 

RESULTS OF THE ACID FRACTIONATION PROCEDURES 

Fractionation of purified toxin by acid precipitation consider- 
ably reduces the titer of bacterial protein against the same anti- 
bacterial serum as may be seen from the results presented in 
table 1. The fourth column of the table gives the highest dilu- 
tion of the preparation which will form a perceptible ring with the 
antibacterial serum; the last column, the number of Lf units per 
cubic centimeter at this titer dilution. A comparison of the Lf 
values at titer for fractionated and unfractionated toxins indi- 
cates that the acid precipitation methods reduce by five- to 
twenty-fold the amount of bacterial protein per Lf unit. The 
results of a less complete separation by fractional adsorption on 
magnesium hydroxide have been tabulated in a previous paper 
(Eaton, 1936b). 

A slightly better separation of toxin and bacterial protein is ob- 
tained by one precipitation with nucleic or phosphoric acid than 
by two successive acid precipitations in the presence of ammo- 
nium sulphate. The chief objection to the nucleic acid method is 
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that it introduces a nitrogenous impurity. The procedure with 
phosphoric acid produces a denatured toxin showing a consider- 
ably increased flocculation time. In concentrated ammonium- 
sulphate solution the toxin is apparently less susceptible to dena- 
turation and more completely precipitated at its iso-electric point. 
Acid precipitates produced in dilute solutions of electrolyte be- 
come partially or completely insoluble at pH 6.0, but toxin precip- 
itated by acid from one-third-saturated ammonium sulphate solu- 

TABLE 1 


Relation of bacterial protein titer to Lf values in purified toxin preparations before 
and after fractionation with acid 


FBSPABA- 

TION 

NUMBBB 

IfBTBOD or PB ACTION ATION 

Lf ONITB 
PBB CC. 



2 

IJnfractionated 

420 

1:32 

13 

2a 

Nucleic acid toxin precipitate 

360 

1:3 

120 

2b 

Supernatant from nucleic acid precipi- 
tate 

10 

1:20 

0.5 

2c 

Phosphoric acid toxin precipitate 

135 

l;l 

135 

2d 

Supernatant from phosphoric acid pre- 
cipitate 

28 

1:16 

1.7 

1 

Unfractionated 

500 

1:80 

6 

la 

Acid ammonium sulpha^ toxin precipi- 
tate 

500 

1:8 

62 

lb 

Same as la 

500 

1:4 

125 

Ic 

Bacterial protein fraction* 

1 0 

1:100 

0 

3 

Unfractionated 

800 

1:80 

10 

3a 

Acid ammonium sulphate toxin precipi- 
tate 

i 360 

1 1:8 

1 

45 

3b 

Bacterial protein fraction* 

0 

1:150 

0 


* Prepared from supernatant of toxin precipitate as described in the section 
entitled ‘^Isolation of Bacterial Protein." 


tion redissolves readily and completely in phosphate buffer at pH 

6 . 0 . 


ESTIMATION OF THE AMOUNT OF BACTERIAL PROTEIN 
IN PURIFIED TOXIN 

When the actual concentration at titer of a single bacterial 
precipitinogen is determinable, it is possible to estimate by luftans 
of the precipitin test, under certain conditions, the amount of 
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this precipitinogen in purified toxin preparations. Since the bac- 
terial precipitinogen and the toxin are apparently both proteins 
containing approximately the same percentage of nitrogen, the 
calculations may be based on measurements of the protein nitro- 
gen. 

The results of these measurements are presented in table 2. 
The Lf values and bacterial protein titers of these preparations 
have already been given by the corresponding numbers in table 1. 
The protein nitrogen values given in the third column of table 2 

TABLE 2 


Milligrams of protein nitrogen per cubic centimeter in relation to Lf units of toxin 
and titer of bacterial protein 


PRBPA- 

RATION 

NUMBER* 

FRACTION 

PROTEIN 

N 1 

PROTEIN 

NPBBLf 

UNIT 

PROTEIN N 
AT TITER OP 
PRECIPI- 
TIN OQEN 

(N/d) 

RATIO 
BACTERIAL 
TO TOTAL 
PROTEIN 

(Pb/Pt) 



mom. per 
cc. 

mgm. 

mgm. per 
Cf. 


1 

Unfractionatod toxin 

0 230 

0 00046 

0 0029 

1/6 

la 

Toxin 

0 263 

0 00053 

0 033 

1/60 

lb 

Toxin 

0 250 

0 0005 

0 062 

1/135 

Ic 

Bacterial protein 

0.046 

>0 01 

0 00046 

1/1 

3 

Unfractionated toxin 

0 336 

0 00042 

0 0042 

1/9 

3a 

Toxin 

0.180 

0.0005 

0 023 

1/50 

3b 

Bacterial protein 

0 073 

>0 01 

0 00049 

1/1 

2 

Unfractionated toxin 

0.190 

0 00045 

0 0075 

1/15 

2c 

Toxin 

0.095 

0 00063 

0 095 

1/200 


* Correspond to preparation numbers in table 1. 


represent the nitrogen in precipitates produced by five-per-cent 
trichloracetic acid from known volumes of solution. The protein- 
nitrogen-Lf ratios in the fourth column indicate the purity of the 
toxin and will be discussed later. In the expression N/d, (N) 
represents the milligrams of protein nitrogen per cubic centimeter 
and (d) the precipitin-titer dilution of the various preparations 
tested against the same anti-bacterial serum. 

If we assume that the dilution of the purified toxin preparation 
which just gives a perceptible ring with antibacterial serum con- 
tains the same concentration of bacterial precipitinogen as the 
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dilution at titer of the bacterial protein alone, then the ratio of 
bacterial protein to total protein in the toxin preparations may be 
stated thus; 


Pb _ Nb/d 
P. ~ Nt/d 


In this equation, 

Pb is the concentration of bacterial protein in purified toxin. 

Pt is the concentration of total protein in purified toxin. 

Nb/d is the concentration of bacterial protein nitrogen at titer in 
preparations Ic or 3b (bacterial protein). 

Nt/d is the concentration of total protein nitrogen at titer (toxin 
plus bacterial protein) in the purified toxin preparation.s. 

It is obvious from the figures in the fifth column of table 2 that 
the toxin fractions contain much more protein nitrogen per cubic 
centimeter at titer than do the corresponding bacterial protein 
fractions. From the ratio Pb/Pt in the last column it appears 
that, in purified toxins before fractionation, bacterial protein 
represents 1 part in 6 to 1 part in 15 of all the protein. After 
fractionation the bacterial protein constitutes about 1 part in 50 
to 200 or 0.5 per cent to 2 per cent of the total protein. 

The error in the precipitin test is admittedly very large; but 
where not over 10 to 20 per cent of the total protein is bacterial 
precipitinogen, Pb is small in relation to Pt and the error in per- 
centage is correspondingly small. 

In crude toxin the protein nitrogen per Lf unit (N/Lf) has been 
found to be 0.0012 mgm. to 0.0035 mgm. If pure toxin contains 
about 0.0(K)5 mgm. protein nitrogen per Lf unit then in crude 
toxin about 60 to 90 per cent of the protein nitrogen is in bacterial 
protein. 

SEROLOGIC AND CHEMICAL INDBNTIFICATION OP BACTERIAL 

PRECIPITINOGENS IN DIPHTHERIA TOXIN PREPARATIONS 

Crude toxin contains several substances which give a precipitin 
reaction with antibacterial serum. These are in part complex 
•carbohydrates (Hazen 1930). There are also present at least two 
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precipitinogens which appear to be proteins. These are charac- 
terized as follows. 

Precipitinogen I is adsorbed from crude toxin solutions on calcium 
phosphate and is salted out by ammonium sulphate at one-third 
saturation. 

Precipitinogen II is removed from solution by all of the reagents 
which have been used to precipitate or adsorb toxin. Like toxin it is 
salted out by ammonium sulphate at 0.4 to 0.7 satun'tion, but it differs 
from toxin in remaining in solution at pH 5.0 to 5.4. 

Precipitinogen I may be almost completely separated from 
toxin in the first steps of purification. However, some of precipi- 


TABLE 3 

Precipitin tests with undihUed crude.y purijiedy and acid fractionated toxins to 
demonstrate, the identity of the precipitinogen 


PliRrAIlATION 

Lf rviTR 

PEll CC. 

IlBACnON 
WITH UN- 
TREATED ANTI- 
BACTERIAL 
BKRUM 

REACTION WITH 
ANTl-BACTBRIAL 
HERUM Afi 
ROBBED WITH 
PRECIPITINO- 
GEN 11. 

Crude toxin 

20 

+ + + 

4- 

No. 1 unfractionated 

500 


4 

No. la fractionated. . 

500 

+ + + 

— 

No. 3 unfractionated 

800 

d — — h 

- 

No. 3a fractionated 

360 


— 


tinogen II is carried along with the toxin no matter what purifica- 
tion procedure is used. This precipitinogen may be most com- 
pletely separated from toxin by acid fractionation. 

The possibility that precipitinogens other than II are present 
in purified toxin must be considered. In order to deterniine this, 
tests were done with antibacterial serum treated to remove pre- 
cipitins for II. The antibacterial serum was mixed with the bac- 
terial protein preparation number 3b (table 1), incubated over 
night, and the resulting precipitate centrifuged down. The 
supernatant gave no precipitin test with the isolated bacterial 
protein which has been designated precipitinogen II. 

The results of precipitin tests with serum treated in this way are 
presented in table 3. Corresponding tests with untreated serum 
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are included for comparison. As expected, crude toxin gives a 
precipitin reaction with the absorbed antiserum due to the pres- 
ence of precipitinogen I and probably other bacterial substances. 
One of the purified toxins before acid fractionation apparently 
contained traces of precipitinogen I so that it also gave a positive 
reaction. 

It is evident that the other purified preparations in table 3 
contain no detectable bacterial protein other than the one used to 
saturate the antiserum. This excludes the possibility that the 
precipitin tests obtained with the acid fractionated toxins are due 
to another bacterial protein which precipitates only at low dilu- 
tions with the antibacterial serum. 

PROPEKTIES OF PtmiPIED TOXIN AFTER SEPARATION 
OP BACTERIAL PROTEIN 

The toxic protein left after removal of most of the bacterial pro- 
tein does not differ materially in its chemical properties from the 
purified toxin previously described. (Eaton, 1936b) The frac- 
tionation with acid removes traces of proteose and peptone so 
that practically 100 per cent of the nitrogen is precipitated by tri- 
chloracetic acid as protein*. 

It will be noted from the figures in table 2 that the protein- 
N/Lf ratios are slightly higher after acid precipitation than be- 
fore. This is probably due to a slight alteration of part of the 
toxin by acid. In the preparation precipitated by phosphoric 
acid at 35°C. (preparation 2c in table 2) the protein-N/Lf ratio 
increased by about 35 per cent although some of the protein nitro- 
gen had been removed as bacterial protein. The least increase 
in protein-N/Lf ratios occurred when the acid precipitation was 
done in one-third-saturated ammonium sulphate solution as with 
preparations la and 3a. 

The acid-precipitated preparations show a slight to marked 
increase in the flocculation time. Acid precipitation may reduce 
the toxicity by as much as 60 per cent but the acid fractionated 
toxins still have a toxicity of the order of 0.00005 mgm. of nitrogen 
per M.L.D. or about one hundred times the toxicity of crude 
'toxin. 
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Measurements of the specific optical rotation of toxins purified 
by metal-salt precipitation gave values for af° of —45° to —47°. 
The preparation la obtained by acid fractionation showed a 
specific rotation of —43°. The difference is within the limits of 
error in the measurements. Since the additional purification had 
little effect on the optical rotation the values given probably 
represent the approximate optical activity of the toxin. 

PROPERTIES OF SLIGHTLY DENATURED TOXIN 

Diphtheria toxin as a native protein is probably not precipitated 
in the presence of low concentrations of electrolyte at any pH. 
However, various toxin preparations contain different proportions 
of protein precipitable by acid under constant conditions. Since 
toxin denatured to various degrees will become precipitable at any 
pH up to 7.0, or even above, it is now evident that the acid-precip- 
itable protein is denatured toxin and not a protein impurity as was 
formerly believed. 

It has also been found that a sample of toxin which precipi- 
tates between 0.4 and 0.7 saturated ammonium sulphate becomes 
precipitable at 0.3 saturation after slight denaturation. These 
alterations in solubility are accompanied by an increased adsorb- 
ability on colloidal magnesium or aluminum hydroxide. Thus, a 
mixture of native and slightly denatured toxin may appear, from 
experiments on fractional adsorption or fractional precipitation 
with acid or ammonium sulphate, to consist of two or more pro- 
teins. The denatured toxin is the more easily mistaken for an 
impurity because slight denaturation will increase the N/Lf ration 
by as much as 30 per cent.* 

Since denaturation causes an increased flocculation time it is 
possible to obtain some indication of whether a certain prepara- 
tion contains denatured toxin or a mixture of native toxin and an 
impurity by measuring the Kf. The relation of Kf to denatura- 
tion of toxin has been discussed in another paper (Eaton 1936c). 

Probably even fresh crude toxin contains some denatured toxin. 
The fraction precipitated from crude toxin at one-third saturation 

* For a concise statement of the chemical changes in denaturation of proteins 
see Mirsky and Pauling (1936). 
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with ammonium sulphate shows an increased flocculation time 
which may be due to the denatured state of the toxin in this frac- 
tion, not, as stated in a previous publication, to the effect of ad- 
mixed bacterial protein on the flocculation reaction. 

PBOPEKTIES OP THE PORPHYRIN COMPOUNDS 
IN DIPHTHERIA TOXIN 

The red porphyrin compounds described by Coulter and Stone 
(1931), which are present in crude toxin, may be mostly separated 
from the purified preparations by adsorption on charcoal or mag- 
nesium hydroxide. But traces difficult to remove are detectable 
in concentrated solutions of purified toxin. The close association 
of the porphyrins with the protein fractions indicated that these 
colored substances might be present as protein compounds analo- 
gous to hemoglobin. 

Purified toxin contains two distinct substances showing ab- 
sorption spectra. One of these, giving absorption bands with 
centers at 574 and 537 millimicra, corresponds to the complex 
porphyrin described by Coulter. The other with bands at 563 
and 528 millimicra, in dilute phosphate buffer at pH 7.0, may be 
the copper compound of coproporphyrin said by C’oulter to be a 
decomposition product of the complex porphyrin. These two 
substances are present in varying proportions and amounts in 
different toxin preparations. 

The two porphyrins are apparently similar in their chemical 
properties. Both become extractable by ether from the toxin 
solutions upon bringing the pH to 5.6. Coulter and Stone ex- 
tracted their complex porphyrin with ether from crude toxin 
acidified with acetic acid; probably at a pH near 4.0. The por- 
phyrins will pass from the ether solution to an aqueous solution 
of sodium phosphate at pH 6.0. Both porphyrins are precipi- 
tated from aqueous solutions free of protein near pH 5.6. Co- 
incident with the precipitation a shift of the absorption bands 
toward the red end of the spectrum occurs. On raising the pH to 
6.0 or above the porphyrins redissolve and the absorption bands 
shift back to their original positions. This behavior indicates 
•that the porphyrins are weak acids insoluble in water but forming 
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soluble sodium salts above pH 5.8 to 6.0. The fact that the por- 
phyrins are precipitated near the iso-electric point of diphtheria 
toxin explains the difficulty in separating them from toxin by the 
purification methods used. 

The porphyrins are strongly adsorbed to protein precipitates. 
The first small precipitate containing denatured toxin which is 
produced by one-third-saturated ammonium sulphate carries 
down the greater part of the porphyrin from tin* toxin solution. 
Because of this the ammonium sulphate and acid fractionation 
procedure not only serves to separate out bacterial protein but 
also frees the toxin of all but very small traces of porphyrin. The 
porphyrin with absorption bands at .563 and 528 is the most diffi- 
cult to separate completely from the toxin. 

DISCUSSION 

The bacterial precipitinogen remaining in purified diphtheria 
toxin after acid fractionation is apparently identical with the bulk 
of the bacterial protein isolated by fractionation from the puri- 
fied preparations. This bacterial protein gives a ring with the 
antiserum used at dilutions of 1:300,000 in terms of grams dry 
weighty The antibacterial serum, although reactive with very 
small amounts of bacterial protein, apparently contains no pre- 
cipitin for about 99 per cent of the protein in the purified toxin 
preparations. If the toxic protein is derived from the bacterial 
cells it must be, (1) a substance that is readily soluble in normal 
saline and hence easily removed by washing the diphtheria bacilli 
used for production of the antiserum; or (2) a protein that does 
not produce precipitating antibodies in rabbits. Diphtheria 
toxin is a substance which dissolves out of the bacterial cells into 
the medium; and it has been reported that antitoxin produced in 
rabbits will not flocculate with the toxin. The Wadsworth- 
Wheeler medium used for the production of toxin contains no 
protein when sterile so that the protein under consideration could 
not have come from the culture medium. 

These considerations do no exclude the possibility that a read- 
ily-soluble protein other than toxin is elaborated by the diph- 
theria bacillus. However, the close relationship between dena- 
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turation of the toxic protein and alterations in its reactivity with 
antitoxin, and the correlation of Lf values, toxicity, and protein 
nitrogen in the purified preparations make this explanation seem 
improbable. If the protein were merely a carrier of the toxin the 
relative amounts of protein, flocculating substance, and lethal 
toxin in different preparations would vary to a much greater ex- 
tent than has been observed in the course of this work. 

Attempts to crystallize the toxic protein have so far been un- 
successful. But the criteria of purity described in this and the 
previous papers could well be applied to a crystalline preparation. 

The porphyrins are apparently substances of an acidic nature 
not combined with the negatively-charged proteins above pH 6.6. 
Below this pH they are insoluble in water. Since the porphyrins 
may be readily separated from proteins without any changes in 
their absorption spectra they are probably not decomposition 
products of a complex in the toxin preparations. Hosoya and 
his collaborators (1934) have made similar studies on the por- 
phyrins in anatoxin.* The question of whether diphtheria toxin 
itself shows absorption bands either in the visible or ultraviolet 
parts of the spectrum has been taken up in recent papers by 
Levaditi and his co-workei% (1934), and by Ottensooser, Krupski, 
and Almasy (1935). The results were inconclusive. The por- 
phyrins studied in the present work do not appear to be a part of 
the toxin molecule. 

Locke and Main (1928) used i.so-electric-point fractionation to 
separate toxin from bacterial protein but their preparations were 
considerably denatured, contained much pigment, and no meas- 
urements of the completeness of separation were reported. 

SUMMARY 

Methods for separating toxin and bacterial protein by iso-elec- 
tric-point fractionation are described. 

Measurements by the precipitin test of the amount of bacterial 
protein in purified toxin were based on titrations of the antibac- 

* In a recent paper Hosoya and hie asBociates (1936) have described a method 
for the preparation of dried purified diphtheria toxin. In their preparations the 
' M.L.D. is 0.01 mgm. which represents a toxiritv only about five times as great 
as that of dried crude toxin. 
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terial serum against preparations containing known amounts of 
bacterial protein. The results indicate that the bacterial protein 
constitutes 0.6 to 2 per cent of the total protein in the most highly 
purified preparations. 

Slightly denatured toxin is precipitated at a higher pH, and a 
lower concentration of ammonium sulphate, and is more readily 
adsorbed on magnesium or aluminum hydroxide than is undenar 
tured toxin. 

Evidenc.e is presented that the porphjTins found in crude and 
purified toxins are not combined with protein but are precipitated 
near the iso-electric point of toxin and are easily adsorbed on pro- 
tein precipitates. 

The re.sults of this work indicate that the purified protein, 
which has been freed of all but small traces of impurities detect- 
able by the methods employed, is diphtheria toxin. 
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It was shown in the sixth paper of this series (Mueller, 1935c) 
that the organic substances present in a tissue extract (liver) 
which are essential for the growth of a strain of diphtheria 
bacillus, could be very considerably purified. The method con- 
sisted in vacuum concentration of a hot aqueous extract, precipi- 
tation with alcohol up to 95 per cent concentration, and removal 
of the alcohol in vacuo. The solution was precipitated with 
neutral lead acetate, the precipitate discarded and excess lead 
removed from the filtrate with HjS. The resulting material was 
adsorbed twice with norit charcoal, and the latter boiled out three 
times with acid 50-per-cent ethyl alcohol. Evaporation in vacuo 
until the alcohol was removed completed the preparation. The 
resulting concentrate is a clear, light brown limpid solution, acid 
in reaction and with an unpleasant bitter taste. One cubic centi- 
meter is equivalent to about 85 grams of liver, and contains 41.0 
mgm. solic^ with 3.9 mgm. nitrogen. (The point to which evapo- 
ration may be carried is entirely a matter of convenience.) From 
0.1 cc. to 0.2 cc. of this solution, added to 10 cc. of otherwise ex- 
tractive-free media containing suitable amino acids, inorganic 
salts and a source of energy, i.e., glycerol or sodium lactate, in- 
duces maximum growth with practically all the strains of Coryne- 

^ The writers are indebted to the Lederle Laboratories for the preparations of 
liver extract used in these studies. 
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hacterium diptheriae which have been tested. The present paper 
describes various attempts to isolate the one or more compounds 
which bring about this effect. 

CHOICE OP TEST STRAIN 

Since the amino-acid requirements for a culture of the Park 
Williams number 8 strain had been defined (Mueller and Kap- 
nick, 1935) it was thought best to use this organism rather than 
the strain ('fjH Y”) employed in our earlier work with liver ex- 
tract, as the Park strain is readily available to all laboratories. 
It turned out that the choice was an unfortunate one, for reversal 
of the pH often failed to take place when various fractions of the 
eluate were tested with the result that little growth was obtained, 
and it was impossible to be sure whether such fractions were 
completely inactive or whether more abundant growth would 
have taken place if the reaction had turned alkaline. Meanwhile 
it had been found that the advantage of general distribution of 
this strain was illusory for there is a remarkable and surprising 
difference in growth requirements for cultures called Park 8 ob- 
tained from various sources. A forthcoming paper will deal with 
a study of these differences. * 

Attempts were made iu two directions to overcome the diflB- 
culty due to the reaction. In the first place the media were 
buffered by the addition of 0.25 per cent Na*HPO« -2HtO, which 
resulted in moderate improvement only. Secondly, the replacing 
of glycerol by sodium acetate or sodium lactate in the usual con- 
trol formula was attempted with the hope that the base made 
available in the breaking down of the acid would aid in the re- 
versal of reaction. The latter expedient proved to be extremely 
satisfactory. In addition, when tested with several strains of the 
Park 8, and with other more recently isolated cultures, it de- 
veloped that lactic acid was much more favorable to growth of 
certain strains than glycerol, even when the question of pH was 
not involved. The reverse was also true, and the particular Park 
8 strain which we had studied in some detail, failed to grow as 
heavily with sodiiyn lactate as it did with glycerol. 

' In the course of these experiments on the reversal of reaction, 
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we encountered a freshly isolated strain of C. diphtheriae which 
grew much more rapidly in the first twenty-four hours than the 
various Park 8 cultures. With the latter, it was necessary to wait 
at least 36 to 40 hours before judging grossly of the comparative 
abundance of growth, and three days to determine the amount for 
record. With the new strain, on suitable media, abundant 
growth was present in eighteen hours, and only two days were 
necessary for complete development. The saving of time made 
possible by using this culture appears to offset the disadvantage 
of introducing another non-standard stram. The new cultme 
(“Allen strain”), morphologically exhibits good polar bodies, but 
shows few club forms. It ferments t 3 rpically and is virulent for 
guinea pigs. When freshly isolated, it failed to produce a pellicle 
on meat infusion-peptone broth even after a considerable number 
of transplants. Carried during the same period on a medium of 
the following eompo.sition, it formed a well developed pellicle 
after a few generations. 


Casein hydrolysate* 

Cystine . . ... 

Glutamic acid hydrochloride. 

Salt mixture t 

Glycerol 

Liver eluate. . . 


1 0 per cent 
0 01 per cent 
0 5 per cent 
0 25 cc, 

0 5 per cent 

2 0 per cent 


Transfer from this medium to meat infusion-peptone broth did 
not result in pellicle formation on the latter. The strain has, 
therefore, been carried in stock culture by daily transplant on the 
above medium, and has maintained its virulence and fermentative 
properties unchanged for 16 months. When it was determined to 

* Commercial casein boiled eighteen hours with 10 parts concentrated HCl, 
evaporated to thick syrup in vacuo, taken up in water to make a 20 per cent 
concentration (calculated on weight of original casein), and stirred cold with 
sufHcient norit charcoal so that the color after filtration is pale yellow, 
t Salt mixture: 

NaCl 20 0 grams 

Na.HP04-2H|0 10 0 grams 

KHtP 04 14 grams 

MgClrdHiO 12 grams 

HCl 5 cc. 

Water to 100 cc. 
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adopt this organism as the test strain, a number of ampules of a 
young culture were frozen and dried on the Flosdorf-Mudd ap- 
paratus. Recently it has been necessary to go back to this 
material since the passage culture suddenly became quite different 
in certain of its growth requirements although still virulent and 
typical in other respects. The dried culture, eleven months old, 
was living and perfectly characteristic. 

METHODS 

The procedure is described in the earlier papers of this series to 
which reference is made (Mueller 1935a, b and c, and Mueller 
and Kapnick 1935). The relative quantities of growth are indi- 
cated by the milligrams of nitrogen in the centrifuged and washed 
bacteria after either two or three days incubation. 

EXPERIMENTAL 

/. Selective adsorption. A large number of experiments were 
carried out in which it was attempted to effect further purification 
of the eluate by adsorbing with fuller’s earth, charcoal or lead 
sulfide. In general, the results were unsatisfactory, although it 
was possible to remove considerable inert material, amounting 
perhaps to a third or more or the total, including practically all 
the color, by a single adsorption with a small amount of fuller’s 
earth followed by a similar treatment with a small quantity of 
norit. The activity was removed, however, by further adsorp- 
tion with either reagent and could not be quantitatively eluted. 
It appears from these results that some essential component is 
either destroyed or becomes so firmly attached to the adsorbing 
material when exposed in a moderately purified form, that it 
cannot be removed. 

On the whole, the results with selective adsorption were so 
difficult to duplicate that it seemed wise to abandon them and 
search for a better method. 

11. Various precipitants. The reagents used were HgClj in 
both aqueous and alcoholic solution, HgSOi, Ag*S 04 with acid, 
neutral and alkaline reaction, and Ca(OH)j and alcohol-ether. 

■ The results with the Hg and the Ag salts were not promising. 
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In general, the active material was not precipitated, although 
silver in alkaline solution brought down part of it. Moreover, 
there was usually considerable loss, due perhaps to adsorption on 
the sulfide precipitates formed in removing the metals. 

Of all of the precipitation methods tried, that in which calcium 
salts were thrown down with alcohol and ether seems to give the 
most encouraging results. The procedure consisted in adding 
Ca(OH)* suspension to the eluate until alkaline, then adding 10 
volumes each of ethyl ahsohol and ether. The precipitate was 
removed by filtration, and the alcohol and ether removed from 
the filtrate by vacuum distillation. Although some activity was 
lost in the precipitate, the greater part of the material passed 
into the filtrate. A moderate amount of purification could be 
effected in this way with considerable regularity and the method 
was utilized in some of the further procedures to be described. 
On the whole, however, it is doubtful whether enough is to be 
gained to be of any real value and no detailed protocols of these 
experiments need be given. 

III. Extraction with immiscible solvents. The excellent results 
obtained with butyl alcohol in the separation of amino acids sug- 
gested its use for our present purpose. A number of experiments 
were carried out, of which the following is an example : 

March 6, 1936. The material used was a calcium-alcohol ether 
filtrate prepared as described above from a liver eluate made rather 
differently from the one which has been employed in most of the experi- 
ments. In this instance, a liver concentrate (Lederle Solution Liver 
Extract Parenteral Refined and Concentrated, NNR), and containing 
considerably more total material than the 95-per-cent alcohol filtrate 
which we had used, was absorbed on charcoal and eluted with acid 
alcohol in the same way as the other preparation. The method is de- 
scribed by Subbarow, Jacobson and Fi.ske (1936). 

Ten cubic centimeters of this preparation, of which 1 cc. represented 
100 grams liver, were made strongly alkaline by the addition of 1 cc. 
of 10 N NaOH. The solution was then extracted five times by shaking 
in a test tube with 10 cc. butyl alcohol, centrifuged in order to hasten 
the separation, and the butyl idcohol extracts pipetted off. The aqueous 
remdue was then acidified with 2.6 cc. concentrated HCl and the acid 
solution again extracted five times as before. Each fraction, mixed 
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with about two volumes of water was neutralized to litmus, the butyl 
alcohol distilled out in vacm, adding more water as required, and the 
solutions each brought to a final volume of 40 cc. 

Media were prepared as follows and inoculated with the Allen strain. 
Nitrogen determinations were made on the washed bacteria after about 
40 hours growth. 

1. Control solution* 9.6 cc. + NaOH extract 0.4 cc 0.74 mgm. N 

2. Control solution 9.6 cc. -H HCl extract 0.4 cc 3.36 mgm. N 

3. Control solution 9.6 cc. Residue extract 0.4 cc.. .. 0.20 mgm. N 

Nitrogen determinations on the original material and the three 

fractions gave the following results: 

Ca-alcohol-ether filtrate 6.62 mgm./lOO grams liver 

NaOH extract 1 56 mgm./lOO grams liver 

HCl extract .... . 2 23 mgm./lOO grams liver 

Residue 2 24 mgm./lOO grams liver 

6 03 Loss about 10 per cent 

Experiments of this type invariably gave results of the same 
sort, and it was evident that nearly two-thirds of the total nitrog- 
enous material of the calcium-alcohol filtrate could be removed 
with very little loss of activity. The moderate growth with the 
alkaline butyl fraction and the fact that not infrequently some- 
what better growth was obtained by mixing the three fractions 
together in the media, than by the use of the acid extract alone, 
may be significant. For the present, the relatively feeble effect 
of the alkaline extract and the residue have been disregarded. 

The next step was to attempt the further purification of the 
HCl-butyl alcohol extract by shaking out with ether. Surpris- 
ingly, this resulted in a separation of the active material into two 
fractions, neither one alone producing maximal growth, but when 
mixed, being fully active. The following is a typical experiment : 

March i9, 1936. A portion of the same calcium alcohol-ether filtrate 
used in the experiment of March 6 was diluted with three parts of water. 

* Control solution has same composition as formula for stock moHin, page 156 
without the liver eluate, and with 0.1 cc. lactic acid, as sodium lactate, replacing 
the glycerol. It is so prepared for stock purposes that the quantities required 
for 10 cc. media are conitained in 2.6 cc. of solution. This is diluted as requited 
for use. 
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One hundred cubic centimeters of this solution were adsorbed by stirring 
for five minutes with 3.2 grams fuller’s earth, filtered, and the filtrate 
treated in the same way with 1.25 grams norit charcoal. These quan- 
tities had previously been shown to remove a considerable amount of 
inert material and to cause little change in growth stimulating prop- 
erties. The filtrate was concentrated in vacuo to 25 cc. 

To 10 cc. of this material was added 1.0 cc. of 10 N NaOH, and the 
alkaline solution was extracted five times with 10 cc. portions of butyl 
alcohol. The aqueous portion was then neutralized with concentrated 
HCl, and 1 cc. additional acid added. Ten extractions with 10 cc. 
ether were then carried out, followed by five more with 10 cc. butyl 
alcohol. The acid butyl and the ether extracts were freed from solvent 
by vacuum distillation, after neutralizing, and made up to 50 cc. each 
with water. The following experiment was set up in duplicate: 

If 0m. baeUrud N 
A B 

The loss, of course, is purely mechanical. 

1. Control solution 9.5 cc. -f ether extract 0.5 cc 1 37 1 60 

2. Control solution 9.5 cc. -f acid butyl extract 0.5 cc... 1 39 1 39 

3. Control solution 9.5 cc. + both extracts 0.5 cc.. . . 3 26 2 86 

The control solution alone gives a negligible amount of growth. 

Doubling, or increasing still more the quantity of either fraction, does 
not give an increase of growth comparable to that produced by the 
mixture. 

Several further experiments indicated that the order of carry- 
ing through these procedures was unimportant. The ether ex- 
traction could be done on the original eluate or calcium-alcohol- 
ether filtrate, or the butyl alcohol extraction could be done first, 
and later, after removing butyl alcohol, the material shaken out 
with ether. In all cases the separation took place only from an 
acid solution. 


DISCUSSION 

The comparative ease with which the activity of these prepara- 
tions is lost by adsorption on various substances leaves any type 
of purification involving the production of precipitates open to 
considerable risk. In the course of an investigation of this type 
there is no in« ans of knowing how many separate substances are 
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involved in the effect being studied. It is clear that if two or 
more compounds are required the loss or partial destruction of 
any one will be followed by greatly diminished growth. In all 
experiments, therefore, the possibility of a separation into two 
fractions, each necessary, was kept in mind, but it was only with 
the employment of extraction with butyl alcohol and ether that 
facts were observed which indicated that this was really the case. 

The observation that a second adsorption could not always be 
followed by satisfactory recovery of the material, renders such 
methods of purification on a large scale hazardous. The same 
applies to precipitation methods. Were it not for this fact, and 
perhaps even in spite of this drawback, a considerable degree of 
purification might be accomplished by removal of inert materials 
by suitable combinations of these methods. Extraction with 
organic solvents, however, should avoid any such danger and 
from a number of such small-scale experiments there is every 
indication that their behavior is uniform and that a satisfactory 
separation of the activity into two fractions can be made by butyl 
alcohol and ether with a minimum of loss. Neither of these frac- 
tions alone is entirely without activity in promoting a certain 
amount of growth of the organism, but quantitative experiments 
in which varying amounts of both fractions are used have indi- 
cated clearly that the combined action of the two is essential for 
optimal growth. The further studie^s of these two fractions will 
be the subject of the next paper of this series. 

CONCLUSIONS 

1. The liver eluate previously described can be freed from a 
small proportion of inactive material by adsorption with either 
fuller's earth or charcoal. 

2. The use of larger quantities of adsorbants results in a partial 
loss of activity either by destruction or failure of elution. 

3. Purification by means of precipitating with heavy metal 
salts has not proved useful. 

4. A certain amount of inert material is removed by precipi- 
tation with lime and alcohol and ether. 
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5. The active materials are extracted from strongly acidified 
aqueous solution by butyl alcohol but not from an alkaline one. 

6. The materials so extracted can be separated into two frac- 
tions by repeated extractions with ether; also only from acid 
solution. Neither of these fractions alone shows the full effect of 
the combination of the two in stimulating growth of the diph- 
theria bacillus. These fractions are being further studied. 
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In the preceding paper (Mueller and Subbarow, 1937) it was 
shown that the constituents of a tissue extract (liver) essential for 
heavy growth of a strain of Corynebacterium diphtheriae were at 
least two in number, and that they could be separated from each 
other by ether extraction of an acidified concentrate. Since the 
amount of total material passing into the ether was only a small 
fraction of that remaining in the aqueous phase, and further, 
because the solubilities of the former gave a definite clew as to 
its probable chemical nature (organic acid or phenol), it seemed 
wise to attempt the isolation of this substance first, leaving a 
further study of the other, perhaps still multiple, factor until 
later. 

It is clear that in studies of this sort., involving an unknown 
number of variables, it is difiBicult, and yet essential so to plan the 
work that a control solution shall be available, and susceptible to 
ready duplication, which will give an unmistakable indication of 
the presence or absence of a fraction under investigation over a 
considerable period of time. After various preliminary experi- 
ments which indicated clearly that the phenomenon to which 
reference is made could be produced regularly, and that the ether- 
soluble material was probably an organic acid and not a phenol, 
a control solution which seemed likely to be adequate to the needs 
of the work was arranged. The basis for this was the formula 
previously used, a casein hydrolysate, — enriched by cystine and 
glut ami c, acid both of which are present in less than optimal con- 
ies 
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centration when one per cent of casein is employed, — ^together 
with suitable inorganic salts and sodium lactate. To this had to 
be added the ether insoluble fraction of the liver concentrate. 
A whole protein hydrolysate is used, rather than pure amino 
acids, in spite of the certain presence of unknown substances, for 
two reasons. First, should it be essential for any reason to em- 
ploy a different test strain in the course of the work, a consider- 
able delay might be anticipated in arriving at a suitable amino- 
acid formula, because of the considerable differences between 
various cultures of the diphtheria bacillus. In the second place, 
the expense involved is negligible as compared with that con- 
nected with the extended use of pure amino acids. 

A uniform supply of casein hydrolysate, adequate for a long 
series of experiments, was assured by hydrolyzing several pounds 
of casein with concentrated HCl, evaporating to a thick gum, 
then dissolving in water to a concentration corresponding to 20 
per cent of the protein and treating with norit charcoal at room 
temperature until only a pale straw color remained after filtra- 
tion. Toluol was added and the material kept in the cold room, 
although such a preparation will keep for long periods at room 
temperature without preserv’^ative because of the highly acid 
reaction. 

The ether-insoluble liver fraction was prepared from the cal- 
cium-alcohol filtrate described in the last paper (IX), Ubing a 
quantity corresponding to 60 kgm. of liver tissue. The details 
of the preparation need not be given. Essentially it consisted in 
butyl-alcohol extraction of the acidified solution, the transfer of 
the extracted material to water followed by removal of the ether- 
soluble fraction. The remaining material, thoroughly dried, was 
extracted with absolute methyl alcohol, and the solution precipi- 
tated fractionally with ether. The most active fraction (the 
third) was dissolved in 50 cc. hot absolute ethyl alcohol and after 
cooling over night in the ice box was filtered from a small amount 
of separated solid. Of this solution 0.01 cc. in 10 cc. of medium 
equivalent to 12 grams of fr^h liver tissue, proved to be adequate 
for heavy growth iij the presence of the other constituents of the 
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control solution plus a sufficient amount of the ether-soluble 
fraction. The solution contained 0.0428 gram material per cubic 
centimeter. The quantity was sufficient for 5000 test lots of 
media. At the conclusion of the experiments about half of the 
solution remains. Reference is made to this solution in the 
protocols as “4b.” 

The course of the experiments may be traced briefly, after 
which representative experiments will be presented to illustrate 
the more important steps. 

Assuming the active material to be one or more organic acids, 
esterification, followed by vacuum distillation was first carried out, 
and found to yield a distillate active after hydrolysis. Through 
the courtesy of Pappenheimer (1935), we were able to test some 
of his “sporogenes vitamin” having similar properties but ob- 
tained no particular effect from its use. Having in mind, how- 
ever, his finding of the substance in urine, as well as in tissue and 
yeast extracts, we examined the urine of several different species 
of animals for the diphtheria ether-soluble fraction. The ex- 
periments indicated the presence of material which adequately 
replaced the liver acid. Particularly in the urine of the horse 
and cow, it evidently occurred in greater concentration than in 
fresh liver tissue. This active material, too, proved to be ether- 
soluble (from acid solution), and to be esterifiable and to distill 
in vacuum presumably as the ester. Through the courtesy of 
several commercial houses which manufacture theelin from urine, 
and of various experimental workers in the field, certain concen- 
trates containing the organic acids of urine were tested, but none 
were found suitable for use. Suspecting wide differences in 
partition of the substance between water and various organic 
solvents, the point was tested, and butyl alcohol, ethyl acetate 
and ethyl ether proved able to extract the material easily, while 
benzene, chloroform and petroleum ether failed to remove ap- 
preciable amounts. 

Preliminary experiments on concentrates prepared from small 
quantities of human and horse urine indicated that the distilled 
esters were a mixture of several substances, 3 delding on hydrolysis 
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a discouraging oily material, and that the greatest hope of success 
lay in working through sufficient material to carry out adequate 
fractional distillations. 

One himdred gallons of cows’ urine, calculated to yield between 
50 and 100 grams of distilled methyl ester were therefore pro- 
cessed. A detailed account of the method from the chemical 
point of view will be presented elsewhere. It included preliminary 
extraction of the acidified urine with butyl alcohol, instead of 
ether, removal from the solvent with NaHCO* solution, separa- 
tion of a large amount of hippuric acid by acidification and crys- 
tallization, and then passing back and forth between butyl alco- 
hol and aqueous sodium bicarbonate, gradually reducing the 
volume and at each transfer eliminating considerable quantities 
of inert material. A barium-hydroxide alcohol precipitation 
greatly aided the purification, the active substance appearing in 
the filtrate from the bulky precipitate. Esterification was finally 
effected in absolute methyl alcohol with HCl, a further puri- 
fication at this stage resulting from the removal of non-ether- 
soluble esters (phenaceturic acid, etc.) and non-esterifiable ma- 
terial by extraction with NaHCOi and finally weak NaOH. 

The resulting esters, aften drying, yielded S3 grams vacuum 
distillate up to 163°C., using an oil pump vacuum of less than 1 
mm. It was separated empirically into five fractions by means 
of a Fischer triangle as it passed over. Eighty grams of dark 
brown residue remained in the flask at the end of the distillation. 
All the fractions showed activity, but this was most pronounced 
in the lower-boiling portions. Various types of redistillation 
were tried on small lots, particularly on fractions resulting from 
earlier small scale experiments. It was found that the material 
was surprisingly stable, and would withstand even atmospheric 
pressure distillation, passing over with no evidence of decomposi- 
tion and fully active at about 250°, but still too impure to deal 
with the regenerated acids. 

At this point we learned of a small specially constructed 
vacuum distilling column designed and being used by Dr. David 
Rittenberg of the Department of Biochemistry at the College of 
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Physicians and Surgeons in New York, with which he was able to 
separate almost quantitatively small amounts of substances with 
boiling points only a few degrees apart. We were fortunate in 
being able to enlist Dr. Rittenberg's cooperation and not only 
learned from him how to construct and operate his column, but 
actually watched him run a distillation on one of our active 
fractions. From about three grams of our esters he separated 
ten fractions, and subsequent test showed a very satisfactory 
degree of concentration in the middle boiling portions. 

After setting up an apparatus similar to his, the most active of 
the total ester fractions were systematically distilled, and the 
most active of the resulting fraction.^ re-distilled. Tests indicated 
the highest activity in two adjoining fractions in about the middle 
of the range covered. The lower boiling of these remained a 
clear, thick syrup even when cooled in carbonic ice and alcohol, 
whereas the higher one set to a solid mass of fine crystals. It was 
decided to hydrolyze this latter fraction, amounting to 2.5 cc. 
About half of it was boiled with alcoholic NaOH, acidified, evap- 
orated to dryness and extracted with ether. Removal of the 
ether left a definitely granular material mixed with some oil. 
In this impure form difficulty was next experienced in finding a 
suitable solvent with which to attempt recrystallization. The 
substance proved to be practically insoluble in some, and much 
too readily soluble in other solvents. Dibutyl ether was finally 
employed and from this, crystallization readily took place, the 
material being practically insoluble at room temperature, but 
dissolving easily on heating. After three recrystallizations the 
melting point appeared to be constant at 104° to 105°, and granu- 
lar white crystals, 1 to 2 mm. in diameter were formed. The 
yield was 0.3 gram. 

The crystals proved to be highly active in growth tests. Ti- 
tration with N/lOO NaOH, semi-micro combustions, micro-molec- 
ular weight determinations and the preparation of the phenyl- 
phenacyl ester of the acid and a molecular weight determination 
on this gave results consistent with the formula C$Hio (COOH)*. 
The dibasic acid of this formula, pimelic acid, is stated to melt at 
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105°, as did our crystals. Mixed melting points with Eastman's 
pimelic acid showed no lowering, and growth tests with the 
latter were in every way identical with those carried out on our 
isolated crystals. The effect becomes apparent at a concentra- 
tion of about O.OOSy of pimelic acid and reaches a maximum at 
about 0.0257, per cubic centimeter of culture medium. An ex- 
cess of the substance produces no further change even up to a con- 
centration of 1 per cent. 

The next lower boiling fraction of esters, showing almost as 
great an activity as the one used above was w’orked up in the same 
way, and from this, also, pimelic acid was readily obtained. 
More impurity was present, and it was necessary to recrystallize 
repeatedly from butyl ether, and finally twice from water — with 
considerable loss — before good crystals with the correct melting 
point were obtained. The other material in this fraction was 
not further investigated. 

From an earlier preparation of esters on a smaller scale there 
had been obtained a small amount of a crystalline hydrazide, 
from which it was possible to prepare and recrystallize a sub- 
stance which proved to be azelaic acid, CtHi 4 (CO()H) 2 . A 
growth test with this material proved negative, and since the 
sticky, non-crystalline impurities were highly active, azelaic acid 
was not investigated further at that time. After the isolation of 
pimelic acid, however, all the dibasic acids up to and including 
azelaic were carefully tested. None of these were found to hav'e 
an effect in any way comparable with that of pimelic acid. 

It should be added that a certain amount of growth accelera- 
tion was produced by another of the ester fractions, one of the 
lower boiling ones. This material is definitely different from the 
esters of the dibasic acid. It has a highly aromatic odor, some- 
what suggestive of that of methyl benzoate, and has given crystals 
which are probably phenyl acetic acid. The effect of these 
crystals, as of phenyl acetic acid itself, is irregular, heavy growth 
not being produced in any case, and adding them to pimelic acid 
gives no better growth than the pimelic acid alone. 

There is no indication at present as to the mechanism for this 
peculiar action of a compound which, as far as the writer can 
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learn, has not previously been encountered in biological material. 
Its action is not limited to our test strain (Allen), but is mani- 
fested with at least two strains of Park 8, one from the National 
Institute of Health, the other from the Alabama State Depart- 
ment of Health. Whether it will prove to stimulate the growth 
of bacteria other than the diphtheria bacillus has not been in- 
vestigated. Suggestive, however, are the findings of Snell, Tatum 
and Peterson (1937) and Wood, Tatum and Peterson (1937) 
that unidentified organic acids are necessary for growth of certain 
lactic and propionic bacteria. Professor Peterson has kindly 
tested for the writer a still impure, but active preparation con- 
taining pimelic acid, on his lactic strain and found it to be without 
effect. Dr. Tatum, now in Utrecht, writes that the acids con- 
cerned in growth of his propionic organisms are extracted with 
ether only with the greatest difficulty. Probably further work 
will indicate whether these higher dibasic acids have a more 
general biological significance. 

It, remains to express again the writer’s sincere appreciation of 
the cooperation given so freely by Dr. Rittenberg. Without his 
assistance the completion of this problem would have been 
infinitely more difficult. 


EXPERIMENTAL 

The control solution for 10 cc. of medium consisted of the fol- 
lowing materials, and unless otherwise noted, remains constant in 
subsequent experiments: 


Casein HCl h 3 ^drohy 8 ate 

Cystine 

Glutamic acid hydrochloride 

NaCl 

Na,HP04-2H20 

KH2PO4 

MgCl,-6H,0 

Lactic acid (as Na salt) 


0.100 gram 
0 001 gram 
0.050 gram 
0.050 gram 
0.025 gram 
0.0035 gram 
0.003 gram 
0.10 cc. 


The “Allen” strain (paper IX) was used as test organism, and 
the amount of growth is given in terms of milligrams of bacterial 
nitrogen after 48 hours’ growth. 
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/. The ether-soluhle facUrr from liver extract may he esterified and 

distilled 

Six hundred cubic centimeters of the same calcium-alcohol- 
ether filtrate of a liver concentrate used in the experiment of 
March 6, 1936, and described in the previous paper, were em- 
ployed. This was equivalent to approximately 60 kgm. of fresh 
liver tissue. It was fluted to 2400 cc., stirred for five minutes 
with 75 grams Puller’s earth and filtered, and then treated simi- 
larly with 30 grams norit charcoal, and finally with 10 grams more 
norit. After the third filtration the solution was only slightly 
yellowish in color. It was concentrated in vacuo to 175 cc. 

After making alkaline by the addition of 17.5 cc. of 10 n NaOH 
it was extracted five times with 200 cc. butyl alcohol, then neu- 
tralized with concentrated HCl, and 17.5 cc. excess added. Ten 
extractions with 200 cc. of peroxide-free ether were then carried 
out, followed by five with 200 cc. butyl alcohol. 

The combined wet ether extracts were evaporated to about 30 
cc. in vacuo. The residue, largely water, was transferred to a 
500-cc. boiling flask; frozen around the wall in dry ice and trans- 
ferred to the Flosdorf-Mudd drying apparatus, and the water 
thoroughly removed by oil pump vacuum for 18 hours. The 
residue consisted of 1.3 grams of a mixture of crystals and a thick 
yellow oil. The latter was largely removed by successive wash- 
ings with small amounts of ether, and was shown to contain the 
active substance. The crystals (succinic acid?) were without 
activity, and weighed about 0.15 gram. 

The ether was removed from the solution of the oily material, 
which was then dissolved in 10 cc. absolute methyl alcohol. To 
this was added 1.0 cc. of a 30 per cent solution of dry HCl in 
methyl alcohol. The mixture was heated briefly to boiling, and 
allowed to cool slowly and stand without further heating for two 
hours. As much alcohol and HCl as possible were then removed 
by vacuum distillation, and the residue dissolved in ether and 
washed successively with saturated NaHCOj, 0.5 per cent NaOH, 
and water. The ether solution of the esters was then dried with 
Na*S04, tran8fen%d in small portions to a Wassermann tube and 
the ether removed in a current of warm dry air. The residue, 
presumably methyl esters, weighed 0.225 gram. 
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After some preliminary experiments using a few milligrams of 
the material, the remainder, of perhaps 0.2 gram of esters in the 
small test tube was subjected to vacuum distillation. The test 
tube was sealed to a long narrow glass tube which was then bent 
to form a narrow U-shaped trap. The esters were heated in an 
oil bath to 120° for about an hour, the trap being cooled with 
dry ice, and a vacuum of less than 1 mui. applied from an oil 
pump. Distillate collected both in the trap and iu the air-cooled 
section of the apparatus. No attempt was made to secure dif- 
ferent fractions. After releasing the vacuum and bringing the 
apparatus to room temperature, the portion of trap and con- 
necting arm containing the distillate was cut away from the rest 
of the apparatus. About one-third of the material appeared to 
have distilled. It was a water-clear liquid with a very faint odor 
somewhat resembling that of malonic ester. 

About 0.0002 gram of the ester was transferred to 10 cc. n/1 
NaOH and heated fifteen minutes in the water bath to effect 
saponification, and growth tests prepared as follows: 

mgm. N 

1. Cnncrol -f HCI-butj4 alcohol extract ... 1 06 

2. C'ontrol 4“ HCl-butyl alcohol extract -f saponified esters 0.1 cc. 1 62 

3. Control -f- IlCl-butyl alcohol extract -h saponified esters 1.0 cc. 2 86 

II. The ether-soluble factor is not identical with “Sporogenes 

vitamin” 

Through the kindness of Dr. Pappenheimer a small quantity of 
the distilled ester of this material was made available for testing. 
Two milligrams were saponified by autoclaving for ten minutes 
at 10 pounds pressure with 2 cc. n/1 NaOH, the following test 
carried out: 

mgm. N 


1. Control 4* 4b* -f- 0.1 mgm. sporogenes vitamin ester 1.90 

2. Control •+• 4b + 0.01 mgm. sporogenes vitamin ester 0 66 

3. Control -f 4b -f 0.001 mgm. sjxirogenes vitamin ester 0.66 

4. Control 4- 4b 4* 0.0001 mgm. sporogenes vitamin ester 0 74 

6. Control + 4b 4- 0.00001 mgm. sporogenes vitamin ester 0.68 

6. Control + 4b 0 64 


^ See page 165. 
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Since the sporogenes vitamin manifests activity in quantities 
of small fractions of a gamma, and since from I it is evident that 
the liver acid is active in quantities of less than 0.01 mgm. even 
in an impure form, it is clear that the two are not identical. The 
growth with 0.1 mgm. may have been caused by a trace of im- 
purity in the sporogenes preparation or, the substance itself may 
have an effect of its own at this concentration. 

III. The ether-solubk fraction of liver extract can he repkuxd hy 

urine 


mom. N 


1. Control + 4b + 0 70 

2. Control -f 4b + human urine 1.0 cc 3 44 

3. Control + 4b -|- human urine 0.1 cc 3 66 

4. Control -h 4b -f human urine 0.01 cc 1 30 

6. Control + 4b mare’s urine 0.1 cc 3.16 

6. Control -f 4b + mare’s urine 0.01 cc 2.16 

7. Control -f 4b -f mare’s urine 0.001 cc 0 70 

8. Control -+* 4b + cow’s urine 0.1 cc 3 24 

9. Control + 4b 4* cow’s urine 0.01 cc. . . . . 3 26 

10. Control 4* 4b 4“ cow’s urine 0,001 cc. . 1 04 


IV. Extraction of active substance from urine by various solvents 

Cow’s urine was acidified by adding 25 cc. concentrated HjS 04 
per liter, and after standing over night, a small amount of kiesel- 
guhr was added, and the material filtered by gravity through a 
pleated filter paper. Twenty-five-cubic centimeters portions of 
the filtrate were thoroughly shaken with 25 cc. quantities of the 
following solvents, with results as shown: 


1. Butyl alcohol 

2. Ether 

3. Ethyl acetate 

4. Chloroform 

5. Benzene 

6. Petroleum ether 


Considerable material extracted 
Considerable material extracted 
Considerable material extracted 
Small amoxmt of material extracted 
Small amount of material extracted 
Practically nothing extracted 


After evaporation of the solvent, the extracted materials were 
taken up in 25 cc. water each, with a little NaOH to effect solution. 

Growth tests ^owed the first three extracts to be hi ghl y active, 
the others completely inactive. 
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V. The preparation and distillation of esters from 100 gallons 

of cow’s urine 

This was carried out in daily lots of 10 gallons, acidifying with 
H»S 04 , filtering, and extracting three times with about one-third 
volume of butyl alcohol, using 5-gallon bottles for the procedure. 
The butyl alcohol was in turn extracted with a suspension of 
NaHCOs in water, to alkaline reaction, with thorough and pro- 
longed mixing by means of an air current, and tiie aqueous solu- 
tion of sodium salts of the acids combined from day to day, imtil 
the entire amount had gone through this stage. In this way 
there was obtained about 10 gallons of concentrate. The further 
purification of this material will be described in detail in another 
place. Eventually, there was obtained 120 grams of dry methyl 
esters ready for distillation, and possessing a satisfactory degree 
of activnty in growth tests. 

Distillation was carried out from a 500-cc. Claissen fiask, using 
a Fischer triangle, dry ice trap, and oil pump vacuum of less than 
1 mm. Hg. The following fractions were taken: 



TI!¥PXRATUR< OP 
VAPOR* 

TSMPBRATURB OP 

OIL BATH 

WBXQHT OP fraction 


degree* 

d9gr0€$ 

gramt 

I 

81-84 

85-114 

15 

II 

93-109 

135 

19 

III 

110-130 

155 

25 

IV 

130-149 

175 

11 

V 

158-163 

195 

13 


A few milligrams of each of these distillates, as well as of the 
residue, were weighed out and saponified 1 mgm per cubic centi- 
meter with n/1 NaOH. An abbreviated portion of the test with 
these solutions shows the following comparative effects on 
growth: 

mgm. If 


1. Control -f 4b 4“ distillate I, I.O 7 1 46 

2. Control -f 4b 4“ distillate II, I.O 7 

3. Control 4- 4b 4* distillate III, I.O 7 1-^4 

4. Control 4- 4b 4- distillate IV, I.O 7 0 98 

6 . Control 4- 4b 4“ distillate V, I.O 7 0 88 

6 . Control 4- 4b 4* residue, I.O 7 (nitrogen not done, no increase). 

7. Control + 4b 0 70 
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Fractions I and II were re-distilled separately under atmos- 
pheric pressure, mixing the distillates of the second with those of 
the first having corresponding boiling points. Distillation was 
carried out slowly, from an oil bath. The following fractions 
were obtained: 



VAPOR TBMPSRATnRX 

WlXQirr OP OUTtLLATR 

From fracture I 

From fracture II 


degrees 

grams 

grams 

A 

198-210 

2.5 


B 

210-220 

5.9 


C 

220-225 

2.2 


D 

228 

0 8 


E 

233-245 

1.4 

3.0 

F 

246-255 

0 5 

5.0 

G 

255-265 


6 3 

H 

265+ (both to 300") 


4 5 


Residue 3 to 4 grams. 


Growth tests made on these fractions, after hydrolysis, as 
before, showed little activity in fractions A and B, and in the 
residue. Values for the others resulted thus; 


mgm, N 


1. Control and 4b + fraction C, I.O7 1 34 

2. Control and 4b + fraction 1), I.O7 1 86 

3. Control and 4b fraction E, 1 O7 . . 2 30 

4. Control and 4b + fraction F, I.Ot . . 2 24 

6. Control and 4b + fraction G, I.O7 1 96 

6. Control and 4b + fraction H, I.O7 1 76 

7. Control and 4b ... 0 62 


The following distillation was carried out by Dr. Rittenberg on 
3.1 grams of fraction F. The description of the apparatus will 
be published shortly by Dr. Rittenberg in connection with his 
own studies. It consists essentially in a very slow vacuum dis- 
tillation with the use of an effective fractionating column. 
Under a vacuum of about 0.04 mm. Hg the following fractions 
were obtained in about seven hours of actual distillation: 
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TEMPBRATUBK OP VAPOB8 

APPBOXZMATB QtJANIlllU 


degree* 

CC. 

1 

? (low) 

0.7 

2 

? (low) 

0.3 

3 

60-74 

0.4 

4 

72 

0.2 

6 

78-80 

0.3 

6 

82 

0.3 

7 

80 

0 15 

8 

86 

0.2 

9 

87 

0.1 

10 

Residue 

0 4 


These distillates were entirely colorless liquids, the first four 
of which became thick when cooled in dry ice and alcohol but 
showed no evidence of crystallizing, whereas the later fractions 
and the residue solidify to a mass of white crystalline material, 
quickly melting again at room temperature. The first two frac- 
tions had a definitely aromatic odor, whereas the others were 
almost odorless. 

(.Irowth tests gave the following results: 


rnfftn. AT 

1. (’ontrol 4“ ‘lb 4- fraction 1, I.O7 1 88 

2. Control 4" 4b 4- fraction 2, I.O7 2.60 

3. Control 4“ -lb 4“ fraction 3» 1 O7 2 68 

4. Control 4- 4b fraction 4, 1.0> ... ... . 3 12 

6, Control 4“ 4b -f fraction 5, I.O7 3 26 

6. Control 4- 4b 4- fraction 6, l.Oy.. ... lost 

7. C^ontrol 4* 4b 4- fraction 7, I.O7 2 70 

8. (.'ontrol 4" 4b 4” fraction 8, I.O7 2 48 

9. Control 4- 4b 4- fraction 9, I.O7 . . 2 18 

10. C’ontrol + 4b 4* residue, 1,07 . ... 2 22 


Growth in tube 6 appeared as good as in tubes 4 and 5, and 
there has consequently been a very considerable concentration of 
active material into fractions 4, 5 and 6. 

The further separation of the bulk of the esters obtained by the 
atmospheric pressure distillation by means of an apparatus simi- 
lar to Dr. Rittenberg’s need not be given in detail. Beginning 
with the lowest boiling, each fraction in turn was distilled, using 
a vacuum of 7 mm. because of the comparatively low boiling 
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point, with an oil pump vacuum, and separated into several 
smaller ones. Those of similar boiling points and high activity 
resulting from different atmospheric pressure fractions were com- 
bined and again carefully fractionated. At last a fraction of about 
2.5 cc. was obtained boiling between about 110° and 117° at 7 
mm. pressure, which was the lowest boiling fraction to solidify 
when immersed in dry ice, and which corresponded in a general 
way with fraction 5 of Dr. Rittenberg’s distillation. 

The test on this fraction, after hydrolysis, follows: 


mgm, N 

1. Control -f 4b and active fraction, I.O7 2.88 

2. Control -f 4b and active fraction, O.Sy 3.11 

3. Control -f- 4b and active fraction, O.267 .2,82 

4. Control + 4b and active fraction, O.I7 2 30 

6. Control 4b and active fraction, O.O67 2 27 

6. Control + 4b and active fraction, O.O267 1 72 

7. Control + 4b and active fraction, O.OI7 . 1 08 


VI. The active substance is pimelic add 

Half of this fraction yielded 0.3 gram pimelic acid. (.Details of 
analyses, etc., to be published elsewhere.) 

The following experiment, put up in duplicate, compares the 
effect of the natural pimelic acid, isolated from cow’s urine with 
tlie Eastman synthetic product. 


A B 

1. Control + 4b + natural pimelic acid, I.O7 4 08 4 05 

2. Control + 4b + natural pimelic aoid, O.67 3 96 4 06 

3. Control -H 4b 4- natural pimelic acid, 0.257 3 61 3 61 

4. Control + 4b 4- natural pimelic acid, O.I7 2 48 2 28 

6. Control + 4b 4- natural pimelic acid, 0.067 1 78 1.81 

6. Control 4“ 4b 4“ natural pimelic acid, 0.0257 1 68 1 63 

7. Control 4- 4b 4- natural pimelic acid, O.OI7 1 46 1 44 

8. Control 4- 4b 4* synthetic pimelic acid, I.O7 4 01 3 63 

9. Control 4* 4b + synthetic pimelic acid, 0.67 3.86 3.76 

10. Control 4- 4b 4* synthetic pimelic acid, O.267 3 68 3.64 

11. Control + 4b + synthetic pimelic acid, O.I7 2 14 2.24 

12. Control + 4b + synthetic pimelic acid, O.O67 194 180 

13. Control + 4b 4- synthetic pimelic acid, O.O267 1.52 1,62 

14. Control 4* 4b 4" synthetic pimelic acid, O.OI7 1.49 1 24 

15. Control 4* 4b 168 168 
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VII. The action of pimelic acid is not common to r elated 
dibasic acids 

To determine this point, a number of experiments have been 
carried out similar to the one which follows: 


1. Control + 4b + oxalic acid, l.Or 1 08 

2. Control + 4b + malonic acid, I.O 7 1 18 

3. Control + 4b + succinic acid, l.O-r 1 06 

4. Control + 4b + glutaric acid, I.O 7 1 00 

6 . Control + 4b + adipic acid, I.O 7 1 92* 

6 . Control + 4b + pimelic acid, I.O 7 3 91 

7. Control + 4b + suberic acid, I.O 7 Ill 

8 . Control + 4b + azelaic acid, I.O 7 . 1 14 

9. Control + 4b 1 10 


VIII. The effect of pimelic acid is not limited to the Allen strain, but 
extends to the Park 8 strain 

The following experiment was set up, using exactly the same 
control as for the Allen strain, except that 1 mgm. tryptophane 
was added to each tube. Two strains of Park 8 which differ con- 
siderably from each other in certain cultural requirements were 
used, one from the National Institute of Health in Washington, 
the other from the Alabama State Department of Health. These 
cultures had been recently received from the two laboratories, 
and kept by daily transfer on peptone infusion broth at 34° un- 
til used. 



ALABAMA 

BTBAIM 

NATIONAL 

1N8T1TUTM 

STRAIN 

Control +■ pimelic acid 10. Oy 

2 74 

3.08 

Control 

1.94 

1.19 


CONCLUSIONS 

1. The acid-ether extractable substance from liver which 
stimulates the growth of the diphtheria bacillus can be replaced 
by a substance present in urine showing similar properties. 


* Further tests with adipic acid failed to confirm this result. 
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2. From the latter source it has been isolated in pure form and 
identified as pimelic acid, CsHiofCOOH)*. 

3. The effect on growth of ssmthetic pimelic acid is identical 
with that of the natural substance, becoming evident at a con- 
centration of about 0.005 gamma per cubic centimeter of medium, 
and reaching a maximum at approximately five times this 
amount. Further increase, up to 1 per cent, has no further effect 
and carries no inhibition. 

4. Azelaic acid, C 7 H 14 (COOH )2 has also been isolated from the 
urine preparation, but shows no effect on growth of the diph- 
theria bacillus, nor do any of the other simple dibasic acids from 
oxalic up to suberic, C 6 Hi 2 (COOH) 2 . 

5. So far as can be learned, pimelic acid has not previously 
been recognized as occurring in biological, material, and azelaic 
acid is not listed as a normal constituent of urine. 
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Although the elemental food requirements of all microorgan- 
isms may he considered identical, the form in which the essential 
elements can be utilized by the various species is subject to almost 
infinite variation. Literally hundreds of different culture media 
have been proposed, many of which find application because they 
favor or prevent the growth of particular species or related 
groiips. That the individual organisms which make up a pure 
culture may also vary widely in their metabolic requirements is 
apparently not recognized by many bacteriologists. The pub- 
lished reports of many investigators dealing with bacterial resist- 
ance and the cultural methods emplo3’ed by a large number of 
our control laboratories show how little this fundamental fact 
affecting the nutrition of bacteria is understood. 

It is the purpo.se of the present paper to show that bacterial 
spores which survive destructive physical or chemical influences 
are m\ich more exacting in their nutritional requirements than 
spores not subjected to svu^h treatment. Evidence is presented 
which indicates that this phenomenon is not restricted to spores 
but applies to vegetative forms as well. 

EXPERIMENTAL 

Cultures and methods 

Of the cultures used Bacillus subtilis, Bacillus cohaerens, and 
Bacillus albolactis were obtained from The American T3q)e Culture 
Collection, CC is an unidentified species isolated from spoiled 

evaporated milk. The spores were produced on infusion agar 
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slopes. After one to six weeks’ incubation, the growth was 
washed off with distilled water, filtered through cotton, and 
centrifuged. The supernatant fluid was then completely poured 
off and the spores resuspended in distilled water, following which 
they were again centrifuged and resuspended as before. To in- 
sure thorough removal of the medium and culture products, the 
washing process was performed three times. The suspensions 
were then examined microscopically, and if spore clumps were 
present these were broken up by vigorous shaking with sterile 
washed sea sand. The concentrated stock suspensions thus pre- 
pared were plated for purity and enumeration and held at room 
temperature until used. The test spore suspensions in distilled 
water contained from one to two million viable spores per ml. 

The suspensions were heated in pyrex tubes in a stirred glycerin 
bath equipped with a thermo-regulator which maintained a tem- 
perature of 98°C. d= 0.5°C. The heated suspensions were cooled 
to 20°C. immediately after their removal from the bath. 

The spores were exposed to HgCl* in aqueous solution con- 
taining 0.05 per cent of the salt. After their exposure the spores 
were recovered by centrifugation and washed twice with sterile 
distilled water. 

Ultra-violet light was supplied by a cold quartz mercury-vapor 
lamp of the orificial applicator type. The power consumption of 
this burner is about 9 watts and approximately 95 per cent of the 
rays emitted are at the line 2537A. Four milliliters quantities 
of the spore suspension at 30°C. were irradiated in a small quartz 
flask placed four inches from the burner. The flask was equipped 
with a quartz stirrer which provided rapid and uniform agitation. 
After exposure to Ught, heat or HgCh, equal portions of the suspen- 
sion were poured with 15 ml. of agar of the desired composition. 
The plates were counted after 48 hours’ incubation at the optimum 
temperature of the organism. A magnifying glass was used in 
counting and the figures represent the averages of triplicate 
plates. After the initial coxmt was recorded, the plates were 
returned to the incubator and examined one week later to pre- 
clude the possibility that observed differences were due to rate 
of development rather than capacity to develop. 
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Six media of the following compositions were used; 

1. Nutrient agar; 0.5 per cent peptone (Difco), 0.3 per cent 
beef extract (Liebig’s), 0.5 per cent sodium chloride, 1.5 per cent 
agar (granulated). 

2. Nutrient agar reinforced with one drop of sterile defibrinated 
cows’ blood per plate. 

3. Nutrient agar reinforced with 0.3 cc. of sterile 10 per cent 
glucose solution per plate. 

4. Nutrient agar reinforced with 0.3 cc. of sterile 10 per cent 
yeast extract (Difco) solution per plate. 

5. Infusion agar in which the beef extract of the above nutrient 
agar was replaced by beef infusion made by extracting 500 grams 
of lean beef with 500 ml. water, heating, filtering and using at the 
rate of 500 ml. per liter. 

6. Tomato-juice milk-powder agar containing in addition to 
the standard quantities of peptone and beef extract, 5 per cent of 
tomato juice, 0.5 per cent milk powder, and 0.16 per cent Soren- 
sens’ air-dried phosphate. (NajHPOi -21180). 

INFLUENCE OF ULTRA-VIOLET LIGHT UPON THE GERMINATION 

OF SPORES 

In table 1 is shown the number of survivors germinating on 
different nutrient media when the spores of four species were ex- 
posed to ultra-violet light sufficient to kill all but a relatively 
small proportion. In the first column under each species is also 
shown the number of colonies developing from the untreated 
spores plated on the same series of media, at the same time. 
From this table it may be seen that nutrient agar was much less 
favorable to the germination of the irradiated spores than to the 
germination of those not so treated. With two species, namely, 
B. suhtilis and CC, enrichments had considerable influence upon 
the viability of the untreated spores but this effect was always 
much less than that observed after ultra-violet irradiation. 
Blood seems to be particularly effective as enrichment for ir- 
radiated spores. The effect of yeast extract not only in this but 
in nearly all experiments was to somewhat reduce rather than to 
increase the number of germinating spores. The toxicity of yeast 
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extract was further shown by the fact that combinations of this 
extract with glucose, blood and other enrichments materially 
reduced the viable count. It was not possible to increase the 
count significantly by increasing the quantity of glucose or blood, 
or by combination of the more effective enrichments. Increasing 
the concentration of the peptone and beef extract in the nutrient 
agar formula, likewise failed to increase the total count obtained 
with this medium. 


TABLE 1 

The ability of bacterial spores to germinate in different nutrient media before and 
after lethal exposures to ultra violet light 


NtJMBXR or VXABLX SPOllBS PBB MILLILITXR 



B. (Xfhaerma 

B. aitbtilia 

cc 

B. albolactu 

ICBDXA 

i 

1 

a 

Irradiated 

Untreated 

Irradiated 

a 

1 

1 

Untreated 

Irradiated 

Nutrient agar 

0000 

omit- 

ted 

134 

22 

0000 

omit‘ 

tad 

88 

! 

i 

55 

0000 \ 
omit- 
ted 

45 

62 

0000 

omit- 

47 

86 

Nutrient agar plus blood 

i 140 

225 

123 

315 

122 

379 

51 

239 

Nutrient agar plus glucose . . 

i 120 

64 

218 

154 

137 

153 

47 

83 

Nutrient agar plus yeast 

i 131 

16 

47 

51 

25 

54 

37 

84 

Infusion agar 

1 142 

75 

237 

171 

148 

! 187 

41 

156 

Tomato juice milk powder agar... . 

i 149 

25 

232 

88 

145 

124 

34 

49 


INFLUENCE OF HEAT UPON THE GEKMINATION OF SPORES 

When the spores of the same species were exposed to destruc- 
tive heat and subsequently cultivated on different media, the 
results shown in table 2 were obtained. As in the preceding ex- 
periment, spores which outlived the treatment were much usually 
more fastidious in their growth requirements than those derived 
from the same culture protected from destructive action. The dif- 
ferences observed here in favor of enrichments were much greater 
than those noted with irradiated spores. Glucose was usually 
more effective than blood in the cultivation of heat-surviving 
spores, although the reverse was true in the subculture of ir- 
radiated spores. Glucose enrichment not infrequently increased 
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the number of viable heated B. cohaerens spores one hundred 
fold. Infusion or tomato milk powder may imder some condi- 
tions equal or excel glucose as enrichments for the cultivation of 
heated spores. 

The need for the application of the enrichment principle to re- 
sistance studies is obvious. Under the conditions described 
above, the thermal death time of B. cohaerens spores was 26 
minutes when nutrient agar was’used as the subculture medium; 

TABI.E 2 

The viability of bacterial spores in different nutrient media before and after lethal 

exposures to heat 


NT7MBBR OF VIA.BLB BPORB8 PKB MXLLZUTBB 



B. cohasrenB 

B. BubtUis I 

CC 

B. albclaetie 

MEDIA 

Untreated 

Heated 

Untreated 

Heated 

Untreated 

Heated 

Untreated 

1 

Nutrient agar 

0000 

0mU- 

tBd 

134 

40 

0000 

omti- 

ttd 

88 

80 

0000 

omii^ 

ted 

45 

15 

0000 

omit- 

ted 

47 

157 

Nutrient agar plus blood 

140 

345 

123 

350 

122 

160 

51 

320 

Nutrient agar plus glucose 

; 120 

2100 

218 

621 

137 

611 

47 

210 

Nutrient agar plus yeast 

131 

34 

47 

70 

25 

6 

37 

135 

Infusion agar 

142 

1350 

237 

480 

148 

440 

41 

390 

Tomato juice milk powder agar... 

149 

1320 

232 

400 

124 

420 

34 

280 


with glucose agar the thermal death time was 39 minutes, an 
extension of over 50 per cent. 

Table 3 shows the results obtained when Escherichia coli was 
cultivated with and without enrichment, before and after expo- 
sure to irradiation and heat. The organisms were recovered from 
an 18-hour broth culture prepared and exposed as were the spore 
suspensions previously described. Enrichment in one instance 
increased the number of colonies which developed on nutrient 
agar almost nine fold, although such growth-promoting substances 
were practically without effect on the unexposed organisms. 
Other enrichments were somewhat less effective, although all 
except yeast extract yielded a much higher count than plain 
nutrient agar. 
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Table 4 shows that many spores which survive rigorous chem- 
ical treatment, in common with irradiated and heated spores, 
require enrichments for their germination. 

The relative proportion of B. cohaerens spores previously ir- 
radiated or heated which grow on different media depends largely 
on the relative proportion of spores which survive the destructive 

TABLE 3 


Viability of E, coli in different media before and after lethal exposures to irradiation 

and heat 


lOBDIA 

uktbbatjbo 

XRKADIATBD 

bbatbo 


0000 imiittd 



Nutrient agar 

67 

20 

27 

Nutrient agar plus blood 

67 

66 

102 

Nutrient agar plus glucose 1 

60 

46 

106 

Nutrient agar plus yeast . — 

61 i 

26 

27 

Infusion agar 

61 

38 

189 

Tomato juice milk powder agar 

64 

69 

237 


TABLE 4 

The viability of bacterial spores before and after lethal exposures to HgClt 


XBDIA 

KITMBBR or VXABUB Bl 

B. coAorrmf ' 

PORBS PBR MTLLXUTBR 

B. 9ubtili$ 

Untreated 



HgCb ' 

j 


HfCU 


0000 omiM 

1 

! 

0000 omiUti 


Nutrient agar 

134 

10 

88 

62 

Nutrient agar plus blood 

140 

24 

123 

129 

Nutrient agar plus glucose 

120 

1200 

218 

230 

Nutrient agar plus yeast 

131 

43 

47 

42 

Infusion agar 

142 

361 

237 

230 

Tomato juice milk powder agar 

149 

414 

232 

219 


action which in turn depends on the severity and duration of 
the treatment. This fact is illustrated in table 5. When 50 per 
cent of the culture survived, the survival ratios closely re- 
sembled those obtained with untreated spores. As the mortality 
is increased, however, these ratios increase rapidly and progres- 
sively. If the results with this organism are representative for 
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other species the effectiveness of enrichment substances in sub- 
culture media will depend on the intensity of the killing in- 
fluence and may be quite limited in the presence of mild killing 
agents. 

In the next experiment, consideration was given to the time 
at which enrichment was supplied. In this experiment spores of 
B. cohaerens were so heated that direct subculture on glucose agar 
yielded after incubation a convenient number of colonies, while 
similar inoculations poured with nutrient agar permitted no ger- 

TABLE 6 

The development of irradiated and heated B. cohaerens spores in different media 
with changes in the proportion of survivors 


PEHCBNTAOB SUBTtVAL 



60 

25 

10 


1 

MBDIA 

Irradiated 

1 

n 

Irradiated 


Irradiated 

Heated 

Irradiated 

Heated 

Nutrient agar 

111 

121 

101 

37 

31 

3 

10 

3 

Nutrient agar plus blood. 

147 

173 

278 

128 

180 

403 

130 

748 

Nutrient agar plus glucose 

108 

185 

146 

300 

99 

1000 

94 

6000 

Nutrient agar plus yeast 

72 

104 

60 

10 

21 

3 

7 

1 

Infusion agar 

141 

176 

174 

231 

123 

500 

80 

3167 

Tomato juice milk powder agar,. 

118 

177 

161 

226 

49 

667 

42 

2650 

Ratio nutrient: glucose agar — 
Ratio nutrient: blood agar. . 

1:1+ 

1:1+ 

1:2+ 

1:8 

1:5 

1:333 

1:13 

1:2000 


mination. A large series of nutrient agar plates were poured 
immediately after exposure. As soon as the agar became solid 
the glucose solution was spread uniformly over the surface of 
three plates with a sterile applicator. All the plates were then 
incubated and at desired intervals three plates were treated with 
the glucose solution as described. All plates containing spreaders 
were discarded. These were troublesome only when the enrich- 
ment was added to the freshly poured plate. The results ob- 
tained are presented in table 6. With B. cohaerens the results 
are rather surprising. Within three hours there is a definite 
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decline in the number of spores able to germinate. This trend 
increases so rapidly that after 24 horn's only an occasional spore 
is viable. Thereafter glucose was practically without effect as a 
means of inducing the germination of these spores. With CC 
and B. subtilis little or no loss of viability occurred during the 
first 24 hours, but from this time on CC spores rather rapidly 
lost their power to germinate, so that 8 to 10 days after the initial 
seeding they were practically non-viable. B. subtilis spores 
retained their viability unchanged for the first five days and then 
declined rapidly. The reason for this rather rapid loss of via- 

TABLE 6 


The growth of heated spores with changes in the time at which glucose enrichment 

is supplied 


TIMS ATTKR PLATING 
SNBICBMSNT WAS ADDXD 

B. COHABRCNS 

B. SUBTlUn 

1 

CC 

Immediately 

206 

36 

78 

3 hours 

161 

38 

82 

5 hours 


35 

79 

24 hours 

3 

36 

70 

2 days 

0 

41 i 

47 

3 days 

0 

35 ! 

26 

4 days 

0 

50 

10 

5 days 

0 

39 

6 

8 days 

0 

40 

1? 

lU days 

0 

6 

0 


Suspensions contained approximately 1,000,000 viable spores per milliliter 
before exposure. 


bility of spores seeded on an inadequate medium is not entirely 
clear. When B. cohaerens spore.s heated as specified above were 
examined microscopically on nutrient agar blocks, it was observed 
that a large number of the cells became swollen rather rapidly 
and lost their characteristic refractive property, but the germina- 
tion process did not continue visibly beyond this stage. 

In view of these observations, the logical deduction would be 
that heated spores undergoing incomplete germination (because 
of an inadequate medium) have thereby assumed the character- 
istics of the ve^tative form, and consequently die rather rapidly 
in the absence of a favorable nutrient environnaent. This view 
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is in harmony with some of our unpublished data in which it was 
observed that susceptibility to heat in germinating spores occurs 
a considerable time before visible rupture in the spore wall. 

DISCUSSION 

The foregoing observations show clearly that organisms which 
survive drastic killing factors are more fastidious in their food 
requirements than the less resistant individual.*^ which predomi- 
nate in an unexposed portion of the culture. While the reaction 
is apparently common to all organisms, it is not surprising that 
different species vary considerably in the degree to which they 
exhibit it. The advantages of a fermentable carbohydrate in 
the bacteriological examination of milk were pointed out by 
Sherman (1916). It is interesting to note that lactose enrichment 
yielded a higher count with both raw and pasteurized milk, but 
the percentage increase was much greater with the latter. More 
recently Ayers and Mudge (1920), Salford and Stark (1935), and 
others, confirmed this but it is apparent that the broader implica- 
tions to be drawn from these observations were not considered. 
Morrison and Rettger (1930) made the significant observation 
that enrichment substances present in the heating or subculture 
media entirely eliminated dormancy and skips exhibited by heated 
spores subcultured in plain nutrient broth. Williams (1936) 
recently reported the superiority of casein digest as a basic plating 
medium for the detection of flat-sour spores in sugar. The fact 
that the sugar solutions were boiled before they were used is of 
interest in view of the results obtained. 

In seeking an explanation for the dissimilar food requirements 
of resistant and non-resistant spores, two theories suggest them- 
selves neither of which can easily be proved or refuted. The 
relatively small proportion of resistant spores which make up 
every culture may by inheritance possess metabolic requirements 
different from the vast majority. If this were true destructive 
influences by eliminating all the weak and moderately resistant 
individuals would serve to concentrate those cells more exacting 
in their growth requirements and consequently more responsive 
to growth-promoting substances. This view is not necessarily 
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incompatible with the findings that different enrichment sub- 
stances may be required depending on the nature of the destruc- 
tive action, for proof is lacing that spores which are resistant to 
one influence are necessarily those resistant to other influences, 
and there is some evidence to the contrary (Duggar and Hol- 
laender, 1934). The possibility exists, also, that spores surviving 
destructive influences have sustained some form of injury, im- 
pairment of certain enzymic functions perhaps, which has ren- 
dered them unable to metabolize nutrients formerly utilizable. 
Oster (1934) has shown that monochromatic ultra-violet light 
may cause different degrees of damage with yeast, and that certain 
metabolic functions of the cells are affected before reproduction 
is stopped. Rahn and Barnes (1933), however, reported that loss 
of reproductive ability preceded loss in fermentation ability for 
the majority of yeast cells exposed to irradiation. The second 
hypothesis seems somewhat less likely in view of the fact that 
significant differences in the germination of heated B. cohaerens 
spores in the different media were not noted until more than 
60 per cent of the cells were killed. If injury were the cause 
it is difficult to understand why this should not be reflected in 
the less resistant half of the culture. 

BUMMABY 

The results of experiments are reported which indicate that 
bacterial spores which survive drastic killing influences are much 
more exacting in their nutritive requirements than the less re- 
sistant individuals which comprise the bulk of the viable popula- 
tion before treatment. Heat-surviving Escherichia coli show the 
same reaction. 

Enrichment substances incorporated in culture media are 
essential for the accurate enumeration of bacteria previously ex- 
posed to hi^y lethal factors. 

The enrichment substances to be used will vary with the species 
of organism and the nature of the destructive action. 

The effectiveness of enrichments in the dBt.fi rminfl. tinn of via- 
bility varies with the extent of the kiliing action. The favorable 
influence of ^owth-promoting substances increases as the per- 
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centage mortality increases and may be negligible in the presence 
of low mortality. 

Spores which survive destructive influences when seeded in 
inadequate media lose their viability rather rapidly. 
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The complicated life cycle described by Lohnis and Smith 
(1916, 1923) for Azotobacter has not been fully confirmed by 
subsequent investigation. Jones (1920) who had previously 
reported reproduction by gonidia, accepted the doctrine of sym- 
plasm but was not able to confirm conjunction, the formation 
of endospores, or filtrability. Mulvania (1919) confirmed repro- 
duction by budding and gonidia. de Regel (1932) accepted the 
gonidial method of reproduction and filtrability but rejected con- 
junction, symplasm, and transmutation of cells. Beauverie 
(1925) failed to confirm any of the salient features of a cyclogenic 
life history. 

In view of the conflicting results obtained by various workers 
it appears that a further study is needed. This is especially 
desirable since most of the recent ideas of bacterial life cycles 
originated in a study of A zotobacter. Similar life cycles have been 
described for many species of bacteria and there is a tendency to 
regard bacterial cyclogeny as an established fact. 

The present investigation is concerned with the structure and 
methods of reproduction of Azotobacter with special attention to 
the nature and function of the granular bodies which occur in the 
cells at certain periods in the life of a culture. 

Eight strains of Azotobacter chroococaim and one strain of Azo- 
tobacter beijerinckii have been studied. Two of the strains were 
freshly isolated from soil. The remainder were supplied by Dr. 
E. B. Fred from his collection of stock cultures. Before beginning 
the experiments, each strain was tested to determine purity and 
conformation to type. It is known that all strains w'ere pure and 
typical. 
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Each strain was cultivated on various liquid and solid culture 
media, and the development was followed by numerous micro- 
scopic examinations. The media employed included mannitol 
nitrate solution and mannitol nitrate agar prepared according to 
Lohnis and Smith (1916), mannitol soil extract agar, mannitol 
soil extract, beef extract broth and agar with various sources of 
additional carbon. 

For most purposes examination was made of living material 
in hanging drop moxmts or sealed flat wet mounts in dilute stain- 
ing solutions. Fixation with formalin and alcohol was superior 
to heat fixation for the preparation of fixed stained films. Special 
methods later to be described were employed for staining the 
granular cell inclusions. 

In order to follow the cytomorphic changes cultures were ex- 
amined at close intervals for a period of 36 hours and at longer 
intervals as the cultures aged. The oldest material examined 
was from cultures about six months old. The older culture tubes 
and flasks had not been previously opened. 

CELL INCLUSIONS 

Granular bodies have beSTn observed in cells of Azotobacter by 
all workers, but many different opinions have been expressed as 
to the nature and function of these bodies. It is desirable to 
review this phase of the subject briefly. 

Beijerinck (1901) spoke of the granules as fat bodies. Fisher 
(1906) reported the presence of volutin. Prazmowski (1912) con- 
cluded that the cells contain glycogen and a true nucleus which 
may become dispersed as granules in the cytoplasm. Mend 
(1911) regarded the granules as chromidia and the equivalent 
of a true nucleus. Issatschenko and Giljarowski (1922), Schmidt 
(1920), and Bonazzi (1916) reported volutin. 

Jones (1913) appears to have been the first to assign a repro- 
ductive function to the granular bodies. He distinguished two 
types on the bads of reaction to stains. He regard^ the stain- 
able granules as reproductive bodies and designated them as 
gonidia. The non«stainable granules appeared to be glycogen. 

Ldhnis and Smith (1916) wrote as follows: 
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If the granules are very small they are nearly always easily stained. 
The larger ones on the other hand usually remain entirely unstained 
when treated with aqueous solutions of aniline dyes. Undoubtedly 
these granules are of different nature. Some may be fat, glycogen, or 
other metabolic products. Most of them, however, are living entities. 

There is no evidence that microchemical or solubility tests were 
employed to distinguish the living entities from lifeless inclusions 
and /throughout the remaining discussion all graiiular bodies are 
referred to indiscriminately as gonidia or as nuclear material.") 

Stapp (1924) identified the stainable granules as volutin and 
nonnstainable bodies as fat. He reported negative results for 
glycogen tests, ""de Regel (1932) maintained that the granular 
bodies are gonidia since tests for fat, volutin, and glycogen failed 
to give typical reactions. Zeigenspeck (1930) expressed quite 
a different view. According to his interpretation the bodies are 
living units which invade the cells and grow therein as parasites. 

In a previous report the writer (1937) called attention to the 
fact that cells of Azotobacter deposit fat bodies and volutin. It 
is desirable to record here the evidence on which this conclusion 
was reached. 

Tests for fat were carried out according to the naphthol-blue 
method of Dietrich and Liebermeister (1902) and the various 
methods described by Eisenberg (1909). The large refractive 
granules, which fail to stain with aqueous solutions of aniline 
dyes (fig. 4), stain intensely by the various fat staining methods. 
There seems no reason to doubt the lipoidal nature of these 
bodies or to regard them as in any manner different from similar 
bodies which occur in such well known species as Bacillus my- 
coides, Bacillus arUkracis, yeasts, and other fungi. 

"Various functions have been assigned to non-stainable granules 
which occur in bacterial cells and much confusion has existed in 
the past. Meyer (1904), Grimme (1902), Eisenberg (1909), 
Lewis (1934) and others have regarded the bodies as lifeless cell 
inclusions which function as reserve food. Ruzicka (1907) con- 
sidered non-stainable material of B. anthrads cells as the achro- 
matic portion of a nuclear cell and designated the bodies as 
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sporoids to indicate their spore-like appearance. V arious workers 
have spoken of such granules as sporogenous granules or prespore 
material. Schneider (1894) observed non-stainable bodies in 
bacteroids of rhizobia and identified them as endospores. Lohnis 
and Smith (1916) and de Regie (1932) have spoken of the fat 
bodies in Azotobacter as non-stainable gonidia. A similar view 
was held by Gibson (1928) concerning the refractive granules of 
rhizobia. Dietrich and Liebermeister (1902) concluded that the 
fat bodies of B. aiUhracis act as oxygen carriers. 

It can be argued that fat staining reactions and solubility tests 
serve merely to demonstrate the presence of fat and do not exclude 
the possibility that substances of a living nature may be present. 
According to this view the bodies might consist of chromatin 
granules and cytoplasm embedded in a fatty matrix. So far as 
the writer knows no such theory has been advocated for fat 
bodies in other groups of plants. It would seem as logical to 
apply this interpretation to the bodies in yeasts, fungi, and higher 
plants. 

It is not necessary, however, to rely on analogy to determine 
the true nature of the bodies in question. There is abundant 
evidence opposed to the notion that they are living entities of 
the bacterial cell. 

The evidence is conclusive that fat bodies in B. avihrads, B. 
mycoides and other species disappear during the late stcges of 
spore formation. Although the vegetative cells contain numer- 
ous granules, which do not enter directly into spore formation 
by fusion, the residual cytoplasm of the sporangium, at matura- 
tion of the spore, contains no granules. This has the appearance 
of digestion and absorption of stored food. 

A similar disappearance of granules has been reported by 
Bonazzi (1921) for cells of Azotobacter under experimental condi- 
tions. The experiments show that the granular bodies disappear 
from cells suspended in NaCl solution. He concludes that the 
bodies function as food when no more sugar is available. His 
results are in accord with the principle designated by Duclaux as 
the “ph^omSne d^ vie continu4e.” There seems no good reason 
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to believe that such autophagy would occur in the case of living 
units. 

Evidence that such bodies are lifeless is found in lack of capac- 
ity to germinate as shown by Ruzicka (1907), (Mnningham (1931), 
Stapp and Zycha (1931) and others. Direct evidence by micro- 
scropic methods is of doubtful application in the case of Azoto- 
bader. Many vegetative coccoid cells in old cultures are reduced 
to a size of about 0.8 to 1.0 micron in diameter. Such cells fre- 
quently contain a single fat body which almost fills the cell. 
This condition is evident when the cells are stained with a fat- 
staining method but in the living unstained condition such a cell 
might be regarded as a free fat body and thus lead to erroneous 
interpretation (figs. 3 and 4). It appears most probable that the 
positive germination tests reported by de Regie (1932) were 
obtained in this manner. Less direct but valuable is the evi- 
dence from studies on filtrability. This subject will be discussed 
in a later paragraph. 

When all of the evidence is duly considered we conclude that 
the retractile granules of Asotobader are lifeless storage products 
of a fat-like nature which function as reserve food. To accept 
any other interpretation would be to disregard an abundance of 
substantial evidence in favor of an unsupported hypothesis. 

Tests for volutin have been well known since the pioneer work 
of Arthur Meyer (1904), and Grimme (1902). It is well known 
that volutin occurs in many species of bacteria. Some of the 
granules of Azobacter stain intensely with aqueous solutions of 
aniline dyes. When stained with methylene blue they resist 
destainmg with 1-per-ccnt sulphuric acid. They are soluble in 
water heated momentarily to the boiling point or within a few 
minutes at 86“C. Moreover, they are metachromatic when 
stained with methylene-blue solution. 

Permanent stained preparations may be made by any of the 
numerous methods proposed for the differential staining of diph- 
theroids. Very satisfactory results were obtained by staining 
fixed films with Loeffler’s methylene blue, followed by Bismark 
brown and Lugol’s iodine solution. The volutin grains stain in- 
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tensely by this method and are sharply differentiated from cyto- 
plasm and fat bodies (fig. 3). The most striking differentiation 
occurs when living cells are stained with methylene blue and 
treated with 1-per-cent sulphuric acid. 

On the basis of these microchemical and solubility tests, we 
are forced to conclude that the stainable granules of Azotobacter 
are volutin rather than chromidia, or gonidia, and that they are, 
therefore, not concerned in the reproductive process. 

CONJUNCTION AND SYMPLASM 

According to Lohnis and Smith (1923) all young cultures of 
Azotobader show cells in a process of conjugation connected by a 
tube-like structure. Such pairs of cells are numerous in cultures 
but the appearance is due to incompleted fission. Throughout 
the earlier phases of growth the cells are borne typically in pairs 
(figs. 1 and 2). 

The most critical stage of the life cycle proposed by Lohnis and 
Smith is the symplastic phase. According to this theory, bac- 
teria exist in an organized form and in an amorphous condition 
from which new cells originate by formation of regenerative units. 

Examination of material from old cultures by vital staining 
methods or fixed stained films affords convincing proof that the 
symplasm consists of a mixture of empty cell membranes, fat and 
volutin balls, with some cellular elements which have not under- 
gone complete autolysis. The “regenerative imits” were prob- 
ably volutin balls which may show such differences in size as to 
suggest minute and larger cocci (fig. 3). 

One of the cultures freshly isolated from soil was contaminated 
with an amoeba which lived on the cells of Azotobacter and in the 
precyst stages showed a startling resemblance to some of the 
descriptions of symplasm. The cysts of this organism were not 
unlike Lohnis and Smith's 1923 description and illustrations of 
“macrocsrsts" which occurred in one of their cultures of Azoto- 
bacter beijerindcii (plate 9, fig. 66). 

Beijerinck (1901) noted Amoeba in cultures of Azotobader a.T>H 
devised methods /or isolation and maintenance of amoeba cul- 
tures. It appem*s that such mixed cultures may persist in- 
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definitely. The culture considered here has been under observa- 
tion for several months during which time numerous subcultures 
have been prepared. Macroscopically the appearance is that 
of a normal pure culture, but microscopic examination shows that 
the protozoan contaminant is still present in undiminished num- 
bers. An uncritical examination of such a culture could have 
suggested the original idea of symplasm. 

The writer believes that the theory of a symplastic stage in 
the life history of bacteria is erroneous and deserves no further 
place in bacteriological literature. 

TRANSMUTATION OP CELLS 

According to Lohnis and Smith (1923), Azotobacter cells may 
become transformed into cells of an entirely different tjTpe which 
are cultivable as such, and give rise to strains identical with 
other well known species. They recognized seven distinct cell 
types and established fourteen species belonging to five different 
genera. 

We are accustomed to expect more or less extreme polymor- 
phism in the cells of a bacterial culture during the course of its 
development, but such extreme transmutation must be doubted 
until fully confirmed. 

Examination of cultures during different phases of growth 
reveals such an orderly transformation as has been shown by 
Henrici (1928) for B. megatherium. Old cultures consist princi- 
pally of oval and spherical cells containing numerous granules 
(fip. 3 and 4). Some thick-walled cells, arthrospores, are in- 
variably present (figs. 5 and 6). There is great variability as to 
size and shape but almost complete imiformity in the presence 
of granular cell inclusions. Very large involution forms are 
generally noted although not abimdant. 

When transfers are made from old cultures to fresh culture 
media and examined at regular intervals for a period of 24 to 36 
hours, the sequence of transformation is readily followed. Very 
young cultures consist almost entirely of elongated cylindrical 
cells without fat bodies and not more than one or two grains of 
volutin. The cell membrane is thin, the cytoplasm is dense and 
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hyaline and stains intensely with dilute aqueous solutions of 
aniline dyes. Such cells are more or less actively motile. 

In older cultures (12 to 18 hours) the cells have become some- 
what shorter and occur principally in pairs. They are generally 
oval, but typical lancet-shaped diplobacilli are abundant. Fat 
bodies and several grains of volutin are present in such cells. 
As the growth rate slows down continued cell division results 
in the formation of short bacilli which round out to form perfect 
cocci. The transformations of the bacillary to the coccus form 
occurs within 24 hours at which time numerous cocci may be 
noted. The cocci are capable of multiplication as such unless 
transformed to fresh culture media. Within 36 hours the cul- 
ture has returned to a mixture of cell types similar to that with 
which it started. 

This behavior involves nothing unusual unless it be the more 
pronounced tendency to form cocci. The transformation of cells 
within a culture has been designated by Henrici (1928) as cyto- 
morphosis. He recognized three types of cells, embryonic, ma- 
ture, and senescent, on the basis of morphological and physiologi- 
cal characteristics. Experience has shown that an orderly 
transformation occurs in various species when transfers are made 
from old cultures to fresh media. 

Careful search through numerous preparations has failed to 
reveal endospore formation in any of the strains included. The 
evidence appears to be conclusive that Azotohacter does not form 
endospores. 

Plating from cultures at different periods of growth gave no 
evidence of such transmutation as was described by Ldhnis and 
Smith. On the other hand, the several strains proved to be 
remarkably stable. 

It is difficult to explain such extreme splitting up into new 
types as that described by L6hnis and Smith for Azotohacter. 
TMs is no ordinary case of bacterial dissociation such as we have 
become accustomed to expect but must be regarded as transmu- 
tation to other g^era and species. 

The writer beWes that a partial explanation can be found in 
the description of original cultures employed by Ldhnis and 
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Smith in their studies. There are reasons to doubt the purity 
of some strains or even whether they were properly identified at 
the beginning. Four strains are described as consisting of large 
sporulating cells only. Two strains consisted of small sporulat- 
ing rods, three of irregular fungoid cells, four were made up of 
small non-sporulating rods, one of coccoids and one of dwarfed 
cells. 

Concerning the purity of the cultures they wrote as follows: 

Although it was known in only some of the cases where atypical 
growth occurred that this was not due to contamination, we decided 
to include all atypical strains in our studies and to base our ultimate 
decision oii the outcome of these experiments. 

Their tabulation of transformation from original tjT)e of growth 
shows that in a total of 188 transformations 153 occurred in the 
atypical strains. Cultures which consisted of large spore-free 
cells at the beginnmg gave rise to 35 variant types consisting of 
white, red and yellow cocci; white and yellow spore-free small 
rods ; white fungoid growth ; and sporulating rods both large and 
small. 

Since these types corresponded with the atypical strains and 
atypical strains produced some typical colonies of Azotobacter 
it was thought logical to conclude that transformations could 
occur in either direction. 

It appears more reasonable to believe that some of the original 
cultures were contaminated with various species at the beginning 
of the experiments. These results have not been confirmed by 
any subsequent investigation. In the light of experience with 
the eight strains studied here it is believed that confirmation is 
impossible with pure strains of Azotobacter. 

FILTRABILITY 

Attempts to obtain growth from filtrates of cultures were not 
successful. The cultures were grown in mannitol broth, Ashby 
medium and on mannitol agar. The agar cultures were washed 
down with sterile mannitol mineral solution and diluted to 100 
cc. After centrifuging, the liquids were passed through Berke- 
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feld N filters and left to incubate in the filter flasks to afford 
optimum conditions of aeration. Cultures for filtration were 
1, 2, and 3 weeks old. The filtrates remained clear during an in- 
cubation period of 4 to 6 weeks. Attempts to recover the organ- 
ism by plating from incubated filtrates gave negative results. 

The occurrence of a filtrable stage in the life history of Azoto- 
bacter has been supported by Lohnis and Smith (1916), Miehe 
(1923) and de Regel (1932), but received no support in the experi- 
ments of Jones (1920), Klieneberger (1930) and Roberg (1935). 
Since the smallest visible true cells are about 0.8 to 1.0 micron in 
diameter there seems little reason to expect filtrability under 
properly controlled experimental conditions. 

This question has been most thoroughly studied by Roberg 
(1935), who employed various species of Azotobacter and different 
types of filters. It would appear that his methods were suitable 
and the experiments suflSciently ample in scope to afford reliable 
and conclusive results. 


DISCUSSION 

The advocates of bacterial cyclogeny have based their claims 
on reversion of variants to’the original type, and methods of re- 
production other than binary fission. These are matters which 
deal with the most fundamental characteristics of the bacteria. 
The opponents of cyclogeny have maintained that reversion does 
not occur in all cases and that reproduction by gonidia, conjuga- 
tion, symplasm, and heterogamy has not been proved. 

Although Azotobacter has been regarded as one of the best 
examples of a complete cyclogenic life history, and has served as a 
standard of reference for the study of other bacterial species, it 
has been found impossible to confirm such a life history. 

It may be noted that similar life cycles have been described for 
other species which could not, however, be confirmed. The 
most striking case is that of the life cycle proposed by Oesterle 
and Stahl (1930) for Bacillus mycoidea. Subsequent investiga- 
tion by Stapp and Zycha (1931), den Dooren de Jong (1933), and 
Lewis (1932) failed to support their conclusions. The report of 
Cunningham and Jenkins (1927) on BaciUus amylohacter was not 
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confirmed by Bucksteeg (1935). Holman and Carson (1935) 
concluded that streptococci are not transformed to spore-bearing 
rods as claimed by Evans and that her results were due to faulty 
methods. Numerous workers have failed to confirm the occur- 
rence of a filtrable phase in well known species. Clauberg (1928) 
concluded that the Almquist granules of Eberthella typhi are not 
reproductive bodies. 

In the light of available evidence it appears probable that the 
life history of most bacteria is extremely simple, consisting of a 
repetition of cell division. 


SUMMARY 

The stainable granules which develop in the cells of Azotobacter 
consist of volutin. The non-stainable granules are fat bodies. 
Neither gonidia nor visible chromidia occur. Appearances re- 
sembling conjugation are due to incompleted fission. The so- 
called symplasm consists of gum, cell walls, fat bodies, volutin 
balls, and cellular elements. 

Transmutation of cells to a different type cultivable as such to 
form culture phases different from the original does not occur in 
any of the several strains tested. Filtrability tests gave negative 
results. 

Azotobacter reproduces by binary fission, and by arthrospores. 
The life history is relatively very simple. 
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The activated-sludge process of sewage treatment, essentially a 
biological process, purifies sewage at rates which exceed very 
greatly those observed in ordinary biochemical oxidation. The 
natural assumption has been that there is a rapid adsorption of 
the dissolved and colloidal material by the sludge and that this 
adsorbed material is then biochemically oxidized at the ordinary 
rate. 

In our studies of the activated sludge process a large number 
of microscopical examinations of activated sludge were made 
covering samples from plant scale units in other cities, from the 
local experimental unit, and from small laboratory set-ups. 
Regardless of the source of the sludge, if it were a good sludge, it 
was foimd that the predominating components of the floes were 
bacteria. These bacteria were packed together usually in solid 
masses, sometimes with finger-like or p3rramidal branches extend- 
ing from the mass. These bacterial masses or floes, held together 
in a gelatinous matrix, which appears to be a gummy exudate of 
the bacterial cell, may be likened to huge bacterial colonies 
suspended in a liquid medium. 

To obtain information regarding the function of these bacteria 
in the activated sludge process masses representing the predomi- 
nant variety of floe were picked out with capillary pipettes and 
washed throu^ a series of changes in sterile water. During this 
washing process the floe was teased with fine tipped needles of 
glass and as much as possible of adherent material, detritus, etc., 
separated from it. In this washed condition the floe not only 
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appeared to be composed entirely of bacterial cells packed closely 
together but also all of the bacterial cells appeared to be of the 
same type. After the washing the remaining bacteria in the floe 
were dispersed in a small amount of water and planted. Organ- 
isms isolated which produced floe were repurified until pure 
culture growth was assured. Three different strains of these 
bacteria with the same general characteristics have been iso- 
lated and studied in pure culture. One of these cultures was 
isolated from activated sludge from the station experimental 
plant while the other two were obtained from two separate sam- 
ples of activated sludge received from the Lancaster, Pa., plant. 

In a preliminary report, Butterfield (1935), a detailed descrip- 
tion of the morphological, cultural and physiological character- 
istics of one of these strains of bacteria was presented. In addi- 
tion it was shown that this bacterivun in pine culture, both in 
synthetic sewage and in sterilized natural sewage, produced a 
sludge floe which simulated activated sludge to a remarkable 
degree. This pure-culture “activated” sludge removed, during a 
3-hour aeration period, from 41 to 84 per cent of the oxidizable 
material present in polluted water or sewage. This removal of 
pollutional material from {ke supernatant or effluent represented 
an over-all or total purification. The material may have been 
oxidized biochemically by the massed bacteria, it may have been 
adsorbed by the sludge, some of the material may have been 
utilized for the synthesis of new sludge solids, or each of these 
processes may have played a part in the purificatioB accomplished. 

While the development of sludge in sewage under aeration has 
been universally observed, the source of this sludge has been to a 
great extent a matter of conjecture. The source of sludge devel- 
oped from natural sewi^ mi^t be the solids originally present 
as altered by aeration and physical changes, augmented by the 
precipitation of dissolved and colloidal constituents. To be able 
to observe clearly the influence of pure cultures in sludge pro- 
duction and in the oxidation of material by such sludge it seemed 
potinent, in at least a few tests, to permit the bacteria to develop 
in solutions containing essentially the same dissolved constituents 
as sewage but which were entirely free of undissolved substances. 
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Under such conditions sludge production could be readily ob- 
served and could be attributed definitely to the bacteria present in 
pure culture. A synthetic sewage of such characteristics, used in 
certain experiments, contained: Peptone, Difco, 0.3 gram, Meat 
extract Liebigs, 0.2 gram. Urea, 0.05 gram. Disodium hydrogen 
phosphate, 0.05 gram. Sodium chloride, 0.015 gram. Potassium 
chloride, 0.007 gram. Calcium chloride, 0.007 gram. Magnesium 
sulphate, 0.005 gram, and distilled water, 1000 ml. Steriliza- 
tion was accomplished by steam pressure, 15 lbs. for 15 min- 
utes. The mineral salt and the urea content of this solution was 
approximately the same as that of sewage basing the calculation 
for urea on the average amount of urea excreted per capita per 
day and assuming the average daily pumpage of water per capita 
as the normal dilution. The peptone and meat extract in the 
solution made its biochemical oxygen demand similar to that of a 
strong domestic sewage. 

The pure cultures developed a well organized floe in this 
synthetic sewage in from 24 to 48 hours. (In the preliminary 
publication it was reported that some variety of structural 
material, cotton fibers, etc., was essential to floe formation ; it was, 
however, found now that such material was not necessary if the 
rate of aeration was limited to two cubic feet or less of air per 
hour.) This floe would continue to accumulate under the condi- 
tions of the tests until a well developed sludge was present. 
Microscopic examination of the floes, of which this sludge was 
composed, revealed that they were composed principally, if not 
entirely, of closely packed masses of bacteria cells surrounded 
by a gelatinous matrix. This progressive production of a sludge, 
which simulated natural activated sludge to a marked degree, by 
these organisms in pure culture, especially in synthetic sewage 
free from undissolved particles, is remarkable and the purifica- 
tion accomplished by each of the sludges under aeration is a defi- 
nite indication of their significance in the activated sludge process. 

The present report will give the results indicating the portion 
of this total purification which, after various periods of aeration, 
may be attributed to biochemical oxidation alone. 

In preparing pure culture dudges for these studies the three 
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strains of bacteria referred to above were employed, five sludges 
were developed on sterilized natural sewage and two on sterile 
synthetic sewage. The pure culture sludges studied were 
developed under aseptic conditions by the fill-and-<lraw method 
frequently employed for the development of activated sludge.^ 
When a sufficient quantity of pure culture sludge had been 
developed aeration was continued for 24 hours from the time of 
the last change. Thus the supernatant with the sludge had been 
subjected to the action of the sludge for 24 hours. The sludge 
plus supernatant was then thoroughly mixed and two duplicate 
portions of exactly one liter each were drawn off into sterile 
cylinders designated as A and B. The sludge in the two cylinders 
was allowed to settle for 30 minutes. The amount of supernatant 
that could be withdrawn by a sterile siphon without ^turbing 
the settled sludge was removed. While the amount thus with- 
drawn varied in different experiments, exactly the same quantity 
was removed from each member of each pair of cylinders con- 
cerned in one test and the amount accurately determined. In 
the case of cylinder A this quantity was replaced with sterile 
sewage (natural or synthetic) and in cylinder B with oxygen- 
demand-free dilution water. These mixtures A and B were 
transferred to aeration bottles of four-liter capacity, designated 
similarly A and B, which were clamped to a closed system aera- 
tion apparatus. The apparatus and procedure employed was a 
modification of that described by Theriault and McNamee 
(1931) for the determination of oxygen requirements by the 
aeration method. Aeration was started at once and oxygen 
determinations were made initially and alter various periods, 
usually after H, 3, 5, 10 and 24 hours on both A and B. 

At the same time samples of the supernatant and of the sterile 
sewage added were put up for biochemical oxygen demand 
determinations by the excess-oxygen dilution method. These 
observationB were made after 2, 5, 7, 10 and in some instances 

* A dStidled dMoription of {voductiwi of tiw sludgo, of tho varioua pro- 
oodurei iordved, various faoton i&flQraeing.purifioati<m effieioncy, and an 

interpretatitm of obtainsd as applied to aetivated sludge plant opera* 

«tion will be presented in to Sewage Worlcs Journal. 
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15 and 20 days of incubation. As the supernatant contained a 
pure culture of bacteria and the sewage added was sterile, both of 
these samples when diluted were inoculated with imsteriUzed 
stale sewage to insure a uniform seeding. 

For convenience in expressing the results, let 

X the pure culture sludge in one liter of mixed supernatant in 
terms of suspended solids, assuming that the independent 
volume of X is negligibly small. 
y » one liter of supernatant, 

2 — one liter of fresh sterile sewage, 
d — one liter of dilution water, 
p = fraction of y used, and 
q — fraction of 2 or d used. 

Then the fed aeration mixture, A, may be represented by, 

* + py + g2, 

and the control aeration mixture, B, by 

* + W + gd* 

The oxygen requirements of the control aeration mixtures for 
various time intervals in eight different set-ups are presented in 
table 1. In addition, the amounts of massed bacterial growth 
(sludge) in terms of parts per million of suspended solids, which 
had been developed at the time of the test, and the 5-day oxygen 
demand of the supernatant, y, are given. In table 2 the corre- 
sponding oxygen requirements for the fed aeration mixtures for 
the same experiments are shown. This table contains in addition 
the 5-day biochemical oxygen demand of the sewage added, z, as 
determined by the excess-oxygen dilution method. 

As X + py are equal in each mixture and the qd had no bio- 
chemical oxygen demand, then for a given time interval the 
difference between the oxygen requirements of the fed mixture 
and the control mixture, that is, A minus B, is produced by the 
increment of sterile sewage added or qz. This method of deduct- 
ing the oxidation observed in the control mixture from that 
observed in the fed mixture in order to determine the increase in 
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the oxygen requirement brought about by the added sewage, qz 
has been used in all experiments. In one experiment (No. 3) 
two controls were made for one feed mixture. In the first control 
(3b) the pure culture sludge was suspended in 0.09 liter of super- 
natant and 0.91 liter of dilution water. In the second control 
(3a) the same quantity of sludge was suspended in 1.0 liter of 
supernatant. The results show that this variation in the control 
does not materially alter the additional oxidation observed. 

TABLE 1 

Oxidation in control aeration mixtures 

Oxygen used when pure culture sludge suspensions in synthetic or sterile sewage 
substrate is aerated but not fed 

X » pure culture sludge, y « 1-day old supernatant, d dilution water. 
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12.8 
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mm 

11.7 

1 17.4 

19.6 

37.0 

60.8 

7 

Z-9 

1632 

11.4 

X + O.ly + 0.9d 

9 2 

5.1 

17.1 

15.2 

22.9 

34.4 


* 2 hours, t ^ hours. 1 22 hours. 


While this increased oxygen requirement of the fed mixture 
can be attributed definitely to the addition of the sewage, it can- 
not be ascribed to the oxidation of the sewage alone without 
further consideration. Unfortunately the oxygen requirement 
of the component x + py of the mixture, x + py qz, (A), 
cannot be determined separately when it is in the mixture. With- 
out such a detmmination three assumptions may be made in 
regard to the pxy^ requirement of the component, x -{■ py, of 
. the mixture A, id the presence of added sewage, qz, as compared 
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with its oxygen requirement in mixture B: ( 1 ) That the oxygen 
requirement of x py\& increased and its satisfaction is accel- 
erated by the presence of qz in A; ( 2 ) That the oxygen require- 
ment of X + py ia decreased and its satisfaction is retarded by 
the presence of 9 s in A; or (3) That the oxygen requirement of 
X + pv is the same m A as it is in B and is satisfied at the same 
rate in both mixtures. 

In considering assumption ( 1 ) if the oxygen requirements of 
X +py were higher in A than they were in B, then in accordance 
with known laws, it would follow that xotx +py would decrease. 
As a matter of fact in a large series of observations x or x + py 
has never decreased but has always increased. Hence there 
could be no iucreased oxidation of x + py. 

With regard to assumption (2) it would appear reasonable to 
assume that the presence of qz, (a fresh food material with readily 
available constituents), with x + py might have a temporary 
sparing action on the oxidation of the x + py component which 
had been worked over previously by the bacteria, the oxidizing 
agents, for 24 hours. Such an effect if it actually occurred would 
tend to decrease the real diff^nce between the oxygen require- 
ments of A and B, or to decrease the indicated oxygen require- 
ment of the added sewage, qz, which had been satisfied. Thus, 
this assumption, if true, would act as a safety factor for the deduc- 
tions which may be made regarding the accelerated oxidation 
produced by the pure culture sludges. 

Considered from another angle, the pure culture sludges 
(with the exception of experiments 6 and 7 which will be dis- 
cussed later), had been subjected daily to the same treatment 
which wi» given in the tests. This is particularly true for experi- 
ments 4 and 5 where the added sewage, qz, a synthetic medium, 
could be, and was exactly reproduced from day to day. Accord- 
ingb^ it is reasonable to presume that the residual x + py sA the 
end of any test pmod aj^oxanated quite closely the x -f py 
present at the start of such tast. 

Consequently, as assumption ( 1 ) cannot be true, and assump- 
tion ( 2 ) if true wpuM decrease the magnitude of the results and 
’serve as a safety factor for the conclusion reached, it appears 



Oxidation of added increment 

Oxyi^ used to oxidize the increment of sewage added (milligrams Oi used by Teed culture minus milligrams Os used 
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logical and safe to assume in iuterpreting the results of these 
tests that the difference between the oxygen requirements of the 
fed aeration mixture A, and of the control aeration mixture, B, 
represents substantially for the given time intervals the oxygen 
required for the oxidation of the added sewage, qz, as effected 
by the pure culture bacterial mass, (activated sludge), under 
aeration. 



AlffATiCN TtM$*HcuAS 


Fig, 1. Oxidation in Pum Cgltto® Si#xn>o»-SuBSTiUT» Abbation Mixtubbs. 

ExnDBIMBNT 1 

In table 3 the results showing the oxygen requirements of the 
added sewage for each experiment are recorded. These results 
were obtained by deducting the values given in table 1 for the 
oxygen requirements of the control aeration mixtures for the 
various time int^vals from the corresponding values given in 
table 2 for the oxygen requirements of the fed aeration mixtures 
for the same time intend. In experiment 3 two control aera- 
tion mixtiues were used. 

The marked efficiency of the massed cultures (sludge) under 
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aeration in the oxidation of the added sewage is observed at once. 
For instance at the 6-hour aeration period in the various experi- 
ments 41.3, 56.1, 41.7, 37.7, 40.7, 61.9, 54.9 and 50.4 (average 
48.1) per cent respectively of the 5-day biochemical oxygen 
demand of the added sewage had been oxidized. The significance 
of this rapid rate of oxidation of the added sewage by these massed 
cultures can be more readily \Tsualized by referring to figure 1 
where the results for a t 3 T)ical experiment (No. 1) are graphically 
presented. This rapid oxidation is the more remarkable when 
one considers that it is carried on by bacteria in pure culture 
undoubtedly more restricted in their food habits than a mixed 
culture would be. While definite information in regard to the 
food habits of these bacteria has not been obtained it is known 
that these organisms do not oxidize nitrogen compounds to 
nitrites or nitrates. 

Attention is directed to the results from experiments 5 and 7 
where sludges of 1560 and 1632 p.p.m. as suspended solids were 
developed on synthetic media. The development of this pure- 
culture activated sludge in a synthetic sewage with all components 
in true solution and originally free from suspended particles may 
be attributed to the pure cultures of bacteria which were intro- 
duced. Microscopic examinations of the individual floes making 
up these sludges showed them to be composed of closely packed 
masses of bacterial cells. 

To investigate the possibility that these organisms may have 
been adapted to the rapid oxidation of certain substrates by 
continued development on the same substrate, in experiments 5 
and 7, sludges developed on synthetic sewage were fed in experi- 
ment 6 with synthetic sewage and in experiment 7 with sterilized 
domestic sewage. Similarly in experiments 4 and 6 sludges 
develoiwd on sterilized domestic sewage, were fed in experiment 4 
with sterilized domestic sewage and in experiment 6 with syn- 
thetic sewage. The same high rate of oxidation was observed in 
all four experiments. The average oxidation for the several 
time intervals was somewhat higher for the sludges fed with 
synthetic sewage. However, this was true for the sludge devel- 
oped on sterile domestic sewage as well as for the one developed 
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on synthetic %wage. This slightly increased oxidation with 
synthetic sewage probably was to be expected using a substrate 
composed entirely of dissolved materials readily available for 
bacterial use. 

As Koch’s postulates, as they would be applied to such proc- 
esses, have been fulfilled it is desired to emphasize the primary 
importance of bacteria in the activated sludge process. These 
bacteria isolated from activated sludge, reproduced sludge com- 
posed entirely of their own cells and cellular products, which 
simulated activated sludge in appearance and in oxidation 
efficiency. However, it is not desired to create the impression 
that these organisms, whose activities are reported, are the only 
ones which can promote rapid oxidation under such conditions. 
A number of other bacteria have been tried and found satisfac- 
tory. No doubt there is a considerable group of organisms 
capable of such action. The primary prerequisite for this type of 
organism, in addition to oxidizing capacity, appears to be the 
ability to grow in a liquid medium in a massed floe or colony 
which binds itself together tenaciously enough to remain intact 
under the agitation of the aeration required to maintain aerobic 
conditions in the presence of the rapid oxidation taking place. 

BUMMABT 

Organisms which appear to make up the major portion of the 
bacterial flora of activated sludge have been isolated in pure 
cultims. 

Employing these bacteria in pure-culture “activated sludges” 
have been developed in sterilized natural sewage and in sterile 
^nthetic media whose components were in true solution. 

These pure-culture “activated sludges” have been shown to 
produce a rate of oxidation of the poUutional material in 
sewage (synthetic and natural) oxidizing about 50 per cent of 
the 5-day Mochemical oxyg^ demand in a 6-hour aeration period 
and about 80 per cent in a 24-hour interval. Nitrogenous mate- 
rials are not included in this oxidation as these bacteria were 
, not capable such acMiem. 

The production bf activated sludge by these bacteria and the 
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oxidation effected by this sludge definitely indicate the rdle of 
these bacteria in the activated sludge process of sewage purifica- 
tion. 

Appreciation is expressed to the members of the staff of the 
Station for their assistance, especially to C. C. Ruchhoft, P. D. 
McNamee and Elsie Wattie who had a major share in the work 
involved. 
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INTRODUCTION 

The isolation and quantitative determination of certain meta- 
bolic products formed from carbon compounds b}"" crown-gall and 
related bacteria have been studied as part of a larger program 
(Riker and Berge, 1935) on atj'pical and pathological multiplica- 
tion of cells. The general question of the metabolism of these 
microorganisms has been reviewed in a previous paper (Conner, 
Peterson and Riker, 1937) dealing specifically with the nitrogen 
metabolism. 

The crown-gall and related organisms do not produce carbon 
dioxide from sugars rapidly enough to be classed in the conven- 
tional manner as gas formers (Smith, et al., 1911 ; Riker et al. 
1930; and Pinckard, 1935). Studies on single-cell cultures by 
Sagen et al: (1934), Wilson (1935) and others have shown that 
while the hairy-root organism produces some acid, the crown- 
gall organism produces little or no acid. It seems likely, there- 
fore, that substances other than carbon dioxide and acids are 
produced in considerable quantities. The present paper reports 
studies on the carbon metabolism of these organisms with special 
reference to certain products resulting from their action on 
gluco%. 

* Published with Uie approval of the Director of the Wisconsin Agricultural 
Experiment Station. This work has received support through grants from the 
International Cancer Research Foundation and from the special research fund 
of the Dniversity of Wisconsin. The figures were prepared by Eugene Herrling. 
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liXPEBIMENTAL WOBK 

CvUurea and media. The crown-gall and hairy-root cultures 
A-1 and C-1 respectively were progenies of single cells isolated by 
Wright et al. (1930). The identities of the cultures were checked 
at frequent intervals dtiring the course of the investigation by 
inoculation of suitable host plants. 

After some preliminary experiments to determine the effect of 
various concentrations of yeast infusion and phosphates, a 
medium was selected which gave good utilization of the sugar. 
It had the following composition: 20 per cent press-yeast infu- 
sion, 50 cc.; calcium sulfate (CaSOi), 0.1 gram; magnesium sul- 
fate (MgS04-7Hs0), 0.2 gram; sodium chloride (NaCl), 0.2 gram; 
sodium phosphate (NaHiPOi), 2.9 grams; potassium phosphate 
(K1HPO4), 8.8 grams; glucose, 10 to 40 grams; and distilled water 
to make 1000 cc. A solid medium was prepared by adding 15 
grams of agar. Any variations from the above amounts are noted 
later. 

Methods of analysis. Sugar was determined by the method of 
Shaffer and Hartman as modified by Stiles, Peterson, and Fred 
(1926). Carbon dioxide was removed from the cultures by a 
stream of sterile, carbon-dioxide-free air, absorbed by ascarite, 
and determined by direct wei^ung. Bacterial cells and gum 
were precipitated by alcohol or barium hydroxide, and removed 
by centrifuging. Other metabolic products were precipitated 
by a technique described later. Total carbon of the various 
fractions was determined by the wet combustion method (Heck, 
1929). 

BATE OF FEBMENTATION 

Rates of fermentation of ^ucose by the two organisms on agar 
media containing 1, 2 and 4 per cent of the sugar were deter- 
mined. Ten cubic centimeters portions of each medium were 
placed in a number of tubes, with special precautions in sloping 
so as to insure a surface of uniform area in all tubes. Deter- 
minatioizB of glucose were made on the combined contents of 
three tubes every, fifth day and the percentage of glucose fer- 
mented was calculated. Tlie results of these determinations are 
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given in figure 1. The hairy-root organism fermented glucose at 
an appreciably faster rate than the crown-gall organism at all 
concentrations of glucose studied. Although the percentage of 
glucose destroyed by either organism was less at the highest con- 
centration, the actual wei^t of sugar fennented was equal to or 
greater than that at the lower concentrations. 



Fig, 1. FmiiiENTATioN op Glucose by the Hairy-root and Crown-oall 
Organisms on Aqar Media 


MEASUREMENT OP CARBON DIOXIDE PRODUCTION 

The set up of fermentations in which carbon dioxide was deter- 
mined is shown in figure 2. Carbon dioxide production was 
determined daily by weighing the absorption tube. These results 
are summariaed in figures 3 to 6 inclusive. The scales used in 
figures 6 and 6 are cme-fifth and one-tenth, respectively, as large 
as the scales used in figures 3 and 4. The results given in each 
figure are refuesentative of 2 to 6 trials. 

The curves show: (1) that the hairy-root organism produced 
apprmdmately ten times as mudi carbon dioxide as the crown-gall 
organism; (2) that the addition of calcium carbonate to an agar 
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Fio. 3. Carbon Dioxide Production op the Hairy-root Organism on 

Agar Media 



Pio. 4, Carbon Dioxide PRODtrcnoN of the Haibt-boot Organism in 

Liquid Media 




CARBON DIOXtOE-^GflAMS PER lOOCC. 
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TIME IN DAYS 

Fto. 5. Cabbon Dioxidk Pbodvction or the Cbovn>oali. Oboanisu on Aoab 

Media 



Fto. 6. Cabbon Dioxa» PsoDtionoN or the Cbovn^oali. Oboanum nr IdEQinv 
* Meou 
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medium markedly lowered the carbon-dioxide production of the 
hairy-root organism, but had no effect on that of the crown-gall 
organism. The decreased production mi^t be explained in 
several ways, e.g., less glucose might have been fermented, or less 
glucose mi^t have been converted to carbon dioxide in the car- 
bonate medium. Other experiments showed that carbon dioxide 
production did not bear a constant ratio to glucose fermented. 

IDENTIFICATION OF THE ACIDS PRODUCED BY THE HAIRY-ROOT 

ORGANISM 

The hairy-root organism produces small amounts of acid (Biker 
et al. (1930)) when grown in media containing glucose. The acid 
was identified by the following procedure. The culture was 
grown in the basal medium containing 3 per cent glucose. Two 
liters of medium were placed in three-liter fiasks and incubated 
for at least sixty days in order to have sufficient acid for identifica- 
tion. At the end of this time the cultures were filtered, neu- 
tralized, concentrated under reduced pressure, acidified with 
H 1 SO 4 and extracted for 48 hours with ether. Fifty cubic centi- 
meters of water were added to the extract, the ether was removed, 
and the aqueous solution decolorized with charcoal and filtered. 
On distilling the filtrate with steam, both distillate and residue 
were found to contain acid. The distillate was purified by dis- 
tilling with steam a second time. Only small quantities of acid 
were obtained, about 4 to 6 cc. of n/10 per liter of culture. 

A Duclaux determination on the volatile acid indicated acetic 
acid. Additional evidence of the identity of this acid was 
obtained by the preparation of its p-toluidide. For this purpose 
60 liters of culture medium were extracted as described, and the 
volatile acid was converted to its sodium salt. Then 0.4 gram 
of the sodium salt, 0.4 cc. of concentrated hydrochloric acid and 
1 gram of para-toluidine hydrochloride were intimately mixed in 
a tube and gently heated for 30 minutes. The reaction mixture 
was cooled, extracted with 95 per cent alcohol and the alcohol 
poured into 50 cc. of water. The aqueous mixture was evapo- 
rated to a volume of about 10 cc., filtered and allowed to cool. 
The crystals which separated were recrystallized twice frcun water 
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and dried. Their melting point was 146“C. uncorrected. A 
sample of acet-p-toluidide prepared from acetic acid also melted 
at 146°C. uncorrected. A mixture of the two showed no depres- 
sion of the melting point. 

The residue from the steam distillation was concentrated and 
used in a number of qualitative tests for the identification of the 
non-volatile acid. The solution reduced ammoniacal silver 
nitrate and alkaline potassium permanganate at room tempera- 
ture. With iodine and sodium hydroxide a precipitate of iodo- 
form was produced in the cold, indicating the presence of a 
methyl ketonic group in the molecule. Since the tests indicated 
the presence of a keto acid, the 2-4 dinitrophenylhydrazone of 
the acid was prepared. After two crystallizations from ethyl 
acetate the hydrazone melted at 215°C. imcorrected. Since 
pyruvic acid gives all these reactions the 2-4 dinitrophenylhydra- 
zone of this compound was prepared. This hydrazone also 
melted at 215®C. imcorrected and a mixture of the two hydrazones 
showed no depression of the melting point. 

CARBON BALANCE 

A comparison of the carbon in the glucose fermented with that 
in the known products showed that both organisms must produce 
other products in considerable quantities. These substances 
were not volatile, since the sulfuric, acid through which the air 
passed after leaving the culture contained no organic compoimds 
as was demonstrated by analysis for carbon. 

A carbon balance was made to show what percentage of the 
glucose was accounted for by products. The cultures used in 
the studies of carbon dioxide production, were also used for the 
determination of (1) reducing sugars, (2) total carbon, and (3) 
carbon in cells and gum. The cells and gum were precipitated 
by alcohol. The insults of four representative determinations 
are given in table 1. 

The followix^ conclusionB may be drawn from these data: 
(1) The cell and gum production of the crown-gall organism was 
^lightly higher than that of the hairy-root organism. (2) The 
majmr part of the metabolic products remained in thfe culture 
me^um after removal of the carbon dioxide, cells, and alcohol- 
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precipitable gum. Seventy to 80 per cent of the carbon in the 
fermented glucose formed unknown products. (3) Less glucose 
was recovered in known products from the cultures of the crown- 
gall organism than from those of the hairy-root cultures. 

A search for products which, on the basis of the above, must 
be present resulted in the isolation of two unidentified products 
from cultures of each organism. An outline of the procedures 
employed and some of the characteristics of these products follow. 

TABLE 1 

Glucose fermentation by the crown^gall and hairy-root organisms, and carbon 
distribution of the products 


AKAI.TT1CAL OSTaB]tXMATIOn« 

CmOWH-OALL OnOAStMU 

BAlXT-mOOT OBOAKUM 

Exporiment 

u 

Experiment 

1 

Experiment 

6 

Experiment 

5 


gmmt 

per 

iOOce. 

1 

ewtt 

1 

grama j 

ir«. 

per 

cent 

grama 

l^ce. 

p«- 

cent 

grama \ 
per 
100 cc. 

per 

cent 

Glucose fermented* 

0 647 

CO 

0 806 

40 3 

0 657 

32.81 

0 700 

35 0 

Carbon in glucose fermented. . . . 

0 340 


0 322 


0 262 

1 

0 280 


Carbon in CO* 

0 0053 

1 6 

0 0053 

1 7 

0 0697 

22 7 

0 0606 

21 7 

Carbon in cells and gum 

0 0390 

11.4 

0 060 

18 6 

0 026 

9 6 

0 03 

10 7 

Carbon in products determined . , , 

0 0443 

13 0 

0 0653 

19.3 

0.0847 

32 2 

0 0906 

32 4 

Carbon not accounted for ... 

0 295 

87 0 

0 257 

80 7 

jO 177 

67 8 

0 189 

67 6 

Carbon in culture at beginning 
Carbon in culture at end plus car- 

0 836 


0 836 


p 826 

1 


0 826 


bon in COf 

0 866 


0 830 


0 803 

1 

1 

0 816 



* The medium contained 2.0 grams glucose per 100 cc. before fermentation. 


ISOLATION OF GUM AND GUM-LIKE PRODUCTS 

Twenty to 40 liters of the basal medium containing 3 per cent 
glucose were incubated at room temperature for thirty days and 
then worked up for gum and gum-like products. 

Oum.* Precipitation of the gum was effected with alcohol or 

* A different medium in large quantities was used for the preparation of some 
of the samples of gum. This consisted of magnesium sulfate (MgS04‘7H*0), 
0.2 gram; sodium chloride (NaCl), 0.2 gram; calcium chloride (CaCl*), 0.1 gram; 
potassium phosphate (KiHPOOr 0.2 gram; potassium nitrate (KNOi), 6.0 grams; 
and glycerol, 10.0 grams. 

The bacteria were removed by filtration from several hundred liters and the 
filtrate was concentrated to about one-tenth its volume. This work was done 
by Mulford Biological Laboratories, Sharp and Dohme, to whom grateful ac- 
knowledgment is made. 



230 H. A. CONNEB, A. 3. BIXEB AND VT. H. PETEBSON 


acetone, and with bariiun hydroxide. The hydroxide treatment 
is preferable when it is desired to isolate other metabolic products 
from the filtrate, whereas the first procedure is more convenient 
for the isolation of the gum. 

The gum was purified by dissolving it in water and reprecipitat- 
ing with alcohol acidified with hydrochloric acid. The excess 
alcohol was squeezed out and the gum dried over calcium chloride 
in a vacuiun desiccator. The product was white, difl&cultly solu- 
ble in water, non-reducing to I^ehling’s solution, and precipitable 
from aqueous solutions by barium hydroxide and basic lead ace- 
tate. Such preparations were free from nitrogen but contained 
from 5 to 30 per cent ash. A preparation containing only 0.36 
per cent ash was obtained by electrodialysis. 

When the gum was hydrolyzed with 2 per cent HCl or 5 per 
cent H1SO4, reducing values calculated as anhydroglucose ac- 
coimted for 72 to 98 per cent of the ash-free material. Uronic 
acid and total pentosan determinations gave figures of about 5 
per cent for both components. Qualitative tests on the gum- 
hydrolysate for mannose, fructose and galactose were negative. 
Evidence that the reducing substance consisted mainly of glucose 
was obtained by the isolation and characterization of this sugar. 

Ten grams of crown-gall gum, containing 0.36 per cent ash, 
were hydrolyzed with 5 percent HiSOtat 16 pounds pressure for 
6 hours. The solution was neutralized with hy^oxide-free 
barium carbonate, heated for 20 minutes at 60‘’C., and the barium 
sulphate filtered off and washed with hot water. The filtrate was 
concentrated under reduced pressure at OO^C. to a thick syrup 
which was extracted with a number of portions of hot 96 per cent 
alcohol or hot absolute methyl alcohol. The alcoholic extract 
was decolorized with norit, concentrated to a thick syrup and 
two volume of glacial acetic acid were added. After one week 
in the refrigerator the crystals which had formed were filtered 
off, waidied with (^cial acetic acid and recrystallized from a small 
amount of water and acetic acid. The yield was about 4 grams. 
Further conceptration of the filtrate yielded about 2 grains nu»e 
of crj/st^. The iqiecific rotation of a dried san^ of the iOrat 
crop was » -|-62.0“ (C. 66.8 mgm./cc.). The speoifio 
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rotation of glucose is +52.5*’. The osazone of the sugar and 
that of glucose prepared at the same time melted at 204°C. 
(uncorrected). 

From these data it appears that the gum consists mainly of 
anhydro-glucose units. Gum prepared from the glycerol-salts 
medium had approximately the same composition and yielded 
the same products on hydrolysis as that from the glucose-salts 
medium. 

Gumrlike products. Since such a large portion of the fermented 
glucose remained unaccounted for, a search for metabolic prod- 
ucts, other than carbon dioxide, cells and gum, was made. Sub- 
stances, as yet incompletely characterized, but which resemble 
the bacterial gum in certain respects were found. 

The cells and pellicle were filtered from 20 to 30 liters of culture 
and the bacterial gum was precipitated by addition of a saturated 
solution of barium hydroxide. An appreciable excess of barium 
hydroxide solution (about 1 to 2 liters for every 30 liters of culture 
medium) was added, and the mixture was allowed to stand for 
thirty minutes. The bulky precipitate was removed by filtra- 
tion, washed with water, and the washings added to the filtrate. 
Besides the barium salts of the gum the precipitate contained 
phosphate, sulfate and carbonate. 

The filtrate was treated with carbon dioxide until it was nearly 
acid to phenolphthalein. The precipitated barium carbonate was 
filtered off, the filtrate acidified with acetic acid and evaporated 
under reduced pressure to a thick syrup. An excess of acetic 
acid was avoided, since it exerted a definite solvent action on the 
lead precipitate obtained later. 

A saturated solution of basic lead acetate was added, with agi- 
tation, to the thick syrup. A gelatinous precipitate was formed, 
whidi on standing in contact with excess basic lead acetate be- 
came flocculent. The precipitate was filtered off and washed 
with water. In order to remove the glucose it had adsorbed, 
the precipitate was repeatedly suspended in 60 per cent alcohol 
and settled by centrifuging. Great difficulty was experienced in 
removing the glucose, and the washing process, though tedious, 
was mote satisfactory than repeated precipitation because the 
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latter catised serious loss of material. In later experiments the 
washing process was shortened by placing the lead salt in collodion 
bags and dialyzing in miming water for two weeks. 

The washed salt was dissolved in dilute acetic acid and the lead 
precipitated with hydrogen sulfide. The filtrate and washings 
were combined and evaporated under reduced pressure until all 
but a small amount of the acetic acid had been removed. The 
clear glassy material was dissolved in a minimal quantity of water 
and the solution saturated with cupric acetate. Ninety-five 
per cent alcohol was added, which precipitated the copper salt 
of the product. In the presence of too large an excess of acetic 
acid the copper salt was precipitated in the form of a heavy 
symp. The tendency to precipitate as a symp was especially 
marked with material from the crown-gall organism. 

The precipitate was allowed to settle and the supernatant alco- 
hol decanted. The remainder of the material was filtered and 
the precipitate washed until the washings gave no test for glucose. 

Ihe filtrate from the lead precipitation was deleaded with hy- 
drogen sulfide and the filtrate and washings were evaporated 
under reduced pressure to a thick symp to remove as much acetic 
acid as possible. The symp was diluted until it could be handled 
conveniently and saturated with copper acetate. On adding 
alcohol a precipitate formed. This was filtered and washed as 
described above. 

The above method of isolation is summarized in figure 7. 

The metabolic products nos. 2 and 3 have not been completely 
characterized. Ihey were obtained in the free state in the form 
of a hard glassy mass by evaporating their aqueous solutions 
imder reduced pressure, or in the form of a sticky gum when 
concentrated solutions were treated with alcohol On standing 
in contact with alcohol the precipitate would slowly redissolve. 
Oxidation with nitric acid yielded oxalic acid. No reducing 
sugws were formed on hydrolysis with either hydrochloric or 
sulfuric acids. 

Since the substuice precipitated by basic lead acetate from 
.cultwes of the hiiry-root organism (metabolite no. 2) could be 
isolated and purifi^ with less effort than the ocmre^pcmdiBg 



CROWN-OALL AND HAIBT-ROOT ORGANISMS 


233 


product from the crown-gall organism, it was selected as the most 
suitable for experiments designed to secure information concern- 
ing the nature of the material. Acetylation, benzoylation, and 
methylation yielded syrups that could not be crystallized. The 
3-6 dinitrobenzoate, prepared by heating the metabolic product 
with 3- 5 dinitrobenzoyl chloride, was likewise a S3rrup and could 
not be crystallized. These syrups differed from the original 
material in respect to solubility. The original material was 
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Fig. 7. DiAORAMifATic Rbprksxntation of the Procedure Used to Isolate 
Certain Mbtabouc Products of the Hairt-root and Crown-gall 

Organisms 

soluble in water and only difficultly soluble in alcohol, while the 
acetyl and benzoyl derivatives were insoluble in water and soluble 
in alcohol and other organic solvents. 

Since acid phthalates are crystalline in many cases, an attempt 
was Tnnd e to prepare the acid phthalate of the substance by heat- 
ing it with phthalic anhydride to 200°C. Nothing could be 
isolated from the mixture except phthalic anhydride. 

Reduction with hydroiodic acid and phosphorous yielded only 
traces erf a volatile oil, while the remainder of the material refused 
to crystallize and could not be distilled. 
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The acetone compound of the metabolite was prepared by 
treating it with purified acetone, containing hydrogen chloride as 
a catalyst, for eight days at 36“C. At the end of this time the 
acetone was removed and the residue dissolved in alcohol. The 
alcoholic solution was boiled with decolorizing charcoal and 
filtered. Nothing could be crystallized from the solution. Oxi- 
dation of the acetone compound with alkahne permanganate 
yielded no definite product. 

DISCUSSION 

While distinct differences exist in their nitrogen metabolism 
(Sagen, et al. 1934), the close relationship of the crown-gall and 
hairy-root organisms, as indicated by their similar pathogenicity, 
is reflected in their carbon metabolism. With the exception of 
the production of acid by the hairy-root organism, only quantita- 
tive differences have been found in their behavior during these 
studies. The organisms are quite similar in their abilities to fer- 
ment glucose. The hairy-root organism is, however, able to 
ferment high concentrations of glucose more rapidly than the 
crown-gall organism. 

In all cases the hairy-poot organism produced more carbon 
dioxide than the crown-gall organism. On agar media the hairy- 
root organism produced carbon-dioxide rather rapidly for the 
first seven days, then less rapidly for the remainder of the period. 
The crown-gall organism produced carbon dioxide at a fairly 
steady rate during the entire course of the fermentation. 

The production of acid from glucose by the hairy-root organism 
is also a useful method of distinguiidung it from the crown-gall 
organism. It is of interest to note that pyruvic acid, which is 
P’oduced by hairy-root bacteria has been reported (Hitchcock, 
1935) to induce a growth response in plants. However, the, 
evidence is inadequate to determine whether this acid is involved 
in the growth response induced in the host by the hairy-root 
organism. 

While no proof exists that the various metabolites discussed 
are produced in ^e host plant, it is not improbabte that they do 
occur in plant tissue. It remams f<H* further study to determine 
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whether these substances play a r6Ie in the peculiar type of cell 
division found in the tissue surrounding the bacterial pockets. 

BUMMABY 

Quantitative data have been obtained regarding the fermenta- 
tion of glucose, the rates of fermentation, the amounts of carbon 
dioxide produced, and the carbon distribution of the metabolic 
products of the crown-gall and hairy-root organisms. 

The amount of glucose fermented in a liquid medium by the 
hairy-root and crown-gall organisms may be raised by increasing 
the concentration of yeast infusion or by the addition of one 
per cent phosphates. Agar media were more satisfactory for 
fermentation than liquid media. 

The hairy-root organism was able to ferment higher concentra- 
tions of glucose more rapidly than the crown-gall organism. 

The hairy-root organism produces approximately ten-fold as 
much carbon dioxide as the crown-gall organism. 

Acetic and pyruvic acids were identified as metabolic products 
of the hairy-root organism. 

From 13 to 20 per cent of the carbon of the fermented glucose 
was recovered as carbon dioxide, cells, and gum from cultures of 
the crown-gall organism and approximately 30 per cent was 
recovered from cultures of the hairy-root organism. Seventy to 
80 per cent of the sugar fermented goes to form other products, 
some of which have been isolated and partly characterized. 
These metabolites differ from the bacterial gum in that they do 
not yield reducing sugars on hydrolysis. 

The bacterial gum consisted chiefly of glucose units (72 to 98 
per cent) and small amounts (5 per cent) of uronic acid. Qualita- 
tive tests for other hexoses were negative. 

The writers are indebted to Dr. Rudolph Nagy for his collabo- 
ration in the preparation and analysis of the gum produced by 
the organisms. 
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The Colony Form of Hemolytic 
Streptococci from Clinical 
Sources. Dcurid Lackman^ Depart- 
ment of Bacteriology, School of 
Medicine, University of Pennsyl- 
vania, Philadelphia. 

The colony forms of the strains of 
hemolytic streptococci received in our 
laboratory from recent clinical cases 
are summarized in table I. The media 
used was the moist neopeptone buffered 
horse4)lood agar recommended by M. 

H. Dawson. The colonies were ex- 
amined with a colony microscope 
after 18-20 hours incubation at 37®C. 

No significant correlation of colony 
form with mortality was found as is 
shown in table II. 

Surface Composition of Mucoid, 
Glossy and Rough Variants of 
Hemolytic Streptococci. Siuart 
Mudd and Horace Pettitf Department 
of Bacteriology, School of Medicine, 
University of Pennsylvania, Phila- 
delphia. 

The cell surfaces of mouse-virulent 
hemolytic streptococci of Lancefield 
Group A, grown for 18 hours in buffered 
neopeptone infusion broth, consist pre- 
dominantiy of the reversibly oxidis- 
able labile antigen. (Streptococcus 
labile antigen has been described in 
summary; Proc, Am. Phil. Soc., 1937, 

77, 493-6; detiuled publications are in 

287 


preparation.) Agglutination and pha- 
gocytosis of, and mouse-protection 
against, these virulent forms occur pri- 
marily in response to type-specific 
antibody against the labile antigen. 

In the cell surfaces of variants of 
glossy colony form the quantity of la- 
bile antigen present is much reduced, 
and a correspondingly larger part of 
the surface is composed of the group- 
specific carbohydrate C. Cross-ab- 
sorption experiments between labile an- 
tigens of mucoid and glossy variants 
have detected quantitative, but not 
qualitative differences in their capacity 
to absorb antibodies against labile an- 
tigen. Glossy variants may be caused 
to agglutinate and undergo phagocyto- 
sis in response either to type-specific 
antibody against labile antigen or 
group-specific antibody against the 
carbohydrate C. In a rough variant, 
labile antigen has not been detected 
with certainty, the surface being pre- 
dominantly composed of C. 

There is evidence to suggest the oc- 
currence also of the stable hemolysin- 
leucocidin in the surfaces especially of 
the glossy and rough variants, but this 
evidence needs corroboration. 

Isolation and Specificity of the 

Labile Antigen of Streptococcus 

HEMOLYTICUB (GrOUP A). E. /. 

CtarneUky, Siuart Mudd, H. Pettit 
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and David Lackman^ Department 
of Bacteriology, School of Medicine, 
University of Pennsylvania, Phila- 
delphia. 

A labile antigen of Group A hemoly- 
tic streptococci has been isolated in 
pure form by procedures already de- 
scribed. (Proc. Am. Phil. Soc., 1937, 
77, 463-6.) Analysis by Dr. R. W. 
Wyckoff in the ultracentrifuge has 
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shown the antigen of each of two types 
to consist of a single molecular species. 

The labile antigen is group specific 
(i.e., not specific for type) in the pre- 
cipitin test; on the other hand agglu- 
tination and phagocytosis of strains 
whose surface is predominantly com- 
posed of labile antigen, either by anM- 
serum prepared agfunst whole organ- 
isms or agsinst labilf antigen alone, is 
relatively typeHipeei&. Labile anti- 


gen on injection gives rise only to anti- 
bodies against labile antigen, but la- 
bile antigen can absorb from antisera 
prepared with whole organisms anti- 
bodies against the homologous type 
specific hapten M and the group spe- 
cific hapten C. Labile antigen on hy- 
drolysis yields the haptens M and C, 
but the haptens even when mixed to- 
gether can not absorb antibody against 
labile antigen. 

It may be concluded that streptococ- 
cus labile antigen is a compound of 
M and C which is so oriented in the cell 
surface that the type-specific portion 
of the molecule Is reactive and the 
group-specific portion partially or 
wholly masked. 

A Stable Hbmoltsin-Lbucocidin 

FROM fi-HsMOLTnC STREPTOCOCCI. 
E. /. CzarneUky and hahel Maryan^ 
Department of Bacteriology, School 
of Medicine, University of Pennsyl- 
vania, Philadelphia. 

A hemolysin, active to a dilution of 1 
in 40,000, can be isolated from ^-hemo- 
lytic streptococci by extraction of the 
lyophile dried organisms with moist 
ethyl ether. It is stable to heat, oxy- 
gen and changes in hydrogen ion con- 
centration within the physiological 
range. It has been isolated in a chem- 
ically pure state, and has a molecular 
weight of 2260. A derivative with a 
molecular weight of 720 can be crystal- 
lized as the sodium salt from water or 
alcohol. The derivative consists of 
three molecules of sugar or sugar acids 
and at least one phenolic hydroxy 
group. The native form consists of 8 
molecules of the crystallizable deriva- 
tive plus one molecule of phosphorus 
and three molecules of nitrogen. 

The presence of the native form or the 
crystsUizable derivative inhibits poly- 
morphonuclear leucocytes from redu- 
eing methylene blue. Tbe two forms 
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are active to approximately the same 
degree. The native form acts as a 
hapten, giving precipitates with sera 
against any i9-hemolytic streptococci, 
including those of groups other than 
Lancefield Group A. The crystallis- 
able form is inactive serologically. 
Neither form has produced antibodies 
when injected by itself into rabbits. 

CONVALBSCEN^T SCARLATINAL SbBUM 
IN THB PrUVENTION AND TrBATMENT 
OF Streptococcal Diseases. Atms 
C, McOuinneaa a^id Joaepk Stokes, 
Jr,, Department of Pediatrics, Uni- 
versity of Pennsylvania, and the 
Childrens Hospital, Philadelphia. 
Pooled lyophile convalescent scarlet 
fever serum has been employed in the 
prevention of scarlet fever in 545 ex- 
posed individuals. Scarlet fever de- 
veloped in only 8 of these cases. In 6 
of the 8 cases the disease developed be- 
tween the tenth and twentieth day fol- 
lowing the injection of sertun, and in all 
cases the exposure was intimate and 
continuous. In view of the above, and 
of the fact that reversal of the Dick 
tests following serum injection lasts 
for only 10 or 12 days, it would seem ad- 
visable to repeat the serum injections 
every 10 days during intimate continu- 
ous exposures. 

Lyophile convalescent scarlet fever 
serum has been used in the treatment 
of 95 cases of scarlet fever. In 15 of 
these cases the disease was so mild 
that the value of the serum therapy 
could not be determined except to say 
that none of the mild cases developed 
any complications. Of the remaining 
80 cases, 68 responded favorably to the 
serum with a rapid fall in temperature, 
decrease in toxemia, and a fading rash. 
The majority of the cases treated re- 
ceived a single injection of from 30 to 
60 00 . of serum. In several instances 
the initial dose was repeated onoe and 


in one case twice. Complications de- 
veloping in treated cases were few and 
of mild degree. 

Lyophile convalescent scarlet fever 
serum has been employed in the treat- 
ment of a small series of cases of hemo- 
lytic streptococcal infection other than 
scarlet fever. Among the conditions 
treated were acute pharyngitis, acute 
laryngitis, cervical adenitis, mastoidi- 
tis, puerperal sepsis, and meningitis. 
While no definite conclusions may be 
drawn, the response to the serum ap- 
peared to be very definite in a number 
of these cases, especially in the pharyn- 
gitis-laryngitis group. One case of 
meningitis of hemolytic streptococcus 
origin made an uneventful recovery 
following the combined intramuscular 
and intrathecal injection of this type 
of serum. 

CHXIfOTHBRAPT IN STREPTOCOCCAL IN- 
FECTIONS. Z). Sergeant Pepper, E, 
J. Ctarneizky and /. S. Ravdin, De- 
partments of Medicine, Bacteriology 
and Surgery, University of Pennsyl- 
vania, Philadelphia. 

A simple organic compound, sulfanil- 
amide, has been demonstrated to be 
efficacious in preventing the death of 
mice infected with /9-hemolytic strepto- 
cocci. This compound and various de- 
rivatives of about equivalent activity 
have been used in the treatment of ap- 
proximately 175 cases of streptococcal 
diseases in various hospitals in the 
Philadelphia district. The cases 
treated include those of septicemia, 
puerperal sepsis, peritonitis, rheuma- 
toid arthritis, erysipelas, sore throat, 
cellulitis, empyema, mastoiditis, os- 
teomyelitis, and miscellaneous local 
infections. 

Even with the limited number of 
cases treated in each group, and the 
lack of controls, the results have been 
sufficiently impressive so that it is felt 
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that administration of sulfanilamide is 
indicated in all cases of hemolytic 
streptococcal infection. The drug is 
not toxic when administered properly, 


but can be decidedly toxic when given 
in excessive amounts or to individuals 
who are, or become, abnormally sensi- 
tive to the drug. 


CONNECTICUT VALLEY BRANCH 
Smith Collbgb, Northampton, MAssACHtTSBTTs, Mat 15, 1037 


An Undrscribbd Serotype of Sal- 
monella Isolated from Chicks. 
Erwin Jungherr and Carl F, Clancy, 
Storrs Agricultural Experiment Sta- 
tion, Storrs, Connecticut. 

Four strains of a Salmonella organism 
not conforming to any type in the 
Kauffmann-White scheme were iso- 
lated from a specimen lot of 16 chicks 
affected with omphalitis. The somatic 
structure was shown to be VI, VII 
(group C). In H agglutination tests 
the organism appeared monophasic and 
showed partial reactions with antise- 
rums of Salmonella oranienburg (m t), 
jS. senfienberg (g s), S, erUeriiidis (g o 
m), and S. derby (f g). Mirror ab- 
sorption tests indicated the presence of 
factors g o m s t of which g o s pos- 
sessed agglutinating but not complete 
absorbing power. A phase variation 
was noted in that colonies consisting 
of rods showed, primarily, factors g- 
m t, whereas colonies showing filamen- 
tous elements possessed all the specific 
factors. Dr. P. R. Edwards of Ken- 
tucky, to whom a strain was forwarded, 
likewise recognised the H relationship 
to S, senftenberg, S, oranienburg, and 
S. enteritidis and kindly called our at- 
tention to the description of S, TnofUe- 
video (Hormaeche, Ztschr. Hyg., 1937, 
119: 453), isolated from cases of infant 
diarrhea. He observed complete ab- 
sorption of a chick-strain serum by 5. 
monietfideo. This result was confirmed 
in our labo^ator3^^ Accordingly, the 
present antigenic conception of the 
chick organism which resembles iS'. 


montevideo is VI, VII, g o m s t, -, 
with factors g o s deficient in absorb- 
ing capacity. 

The Presence of the Vi Antigen in 
Extracts or Eberthella ttphosa. 
Elinor Van Dom Smith, Department 
of Hygiene and Public Health, Smith 
College, Northampton, Mass. 

Toxic filtrates of Eberthella typhoaa 
were prepared by heating washed, 
aqueous suspensions of 18-hour beef 
heart infusion agar cultures for four 
hours at 60 C., centrifuging, and fil- 
tering the supernatants through Berke- 
feld '^N^' candles. Five-tenths of a 
milliliter was the average lethal dose 
of the different extracts for mice, while 
0.03 to 0.08 ml. per kilogram weight was 
frequently lethal for rabbits. Re- 
peated injections of small doses de- 
veloped a protection in rabbits against 
subsequent injections of at least 30 
minimum lethal doses. 

These extracts, which possessed un- 
usual toxicity and immunizing potency, 
were found to come from strains con- 
taining the Vi antigen. Although this 
factor could not be shown in the fil- 
trates by the precipitation test, Vi ag- 
glutinins were developed in rabbits in* 
jected with raw, boiled, or autoclaved 
extracts, thus demonstrating the ther- 
mostability of the aggiutinogenic ac- 
tivity of the Vi fraction. 

A subsequent comparison of extracts 
from Vi positive and negative cultures 
revealed no significant dififerenees in 
toxicity. The presence or absence of 
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antibodies for this fraction in extract- 
injected rabbits did not affect the neu- 
tralizing powers of their serums in 
vitro or their immunity to the endo- 
toxins. The Vi fraction, although 
present in extracts of E, typhom^ appar- 
ently played no significant r61e in their 
toxicity. 

Human Scarlatinal Streptococci 
IN Monkeys. Paul L. Boisvert, 
M,D., Department of Pediatrics, 
Yale University, School of Medicine, 
New Haven, Connecticut. 

Hemolytic streptococci were re- 
covered from four Rhesus monkeys. 
Three had spontaneous infections (two: 
facial erysipelas; one: an axillary 
abscess) and the fourth developed a 
purulent peritonitis following the in- 
traperitoneal injection of Dial. The 
organisms were seen in the pus from 
the peritoneum and abscess, and in all 
cases a culture of the lesion yielded a 
pure growth of hemolytic streptococci, 
which were bile-insoluble and pro- 
duced a soluble hemolysin. By pre- 
cipitin tests, all strains fell into 
Lancefield^s group A, and their bio- 
chemical and cultural characteristics 
were those of human pathogenic or- 
ganisms. They fermented lactose, 
salicin, and trehalose, but not mannitol 
or sorbitol. They did not hydrolyse 
sodium hippurate or reduce methylene 
blue milk. Growth on 10% bile blood 
agar was very poor or absent, and there 
was no growth on 40% bile blood agar. 
All lysed a human plasmaclot rapidly 
and produced a human erythrogenic 
toxin. The skin test dose with two 
of the strains was 0.1 c.c. of a 1:10,000 
dilution of filtrate, and 0.1 c.c. of a 
1:100 dilution with the other two 
strains. The four toxins were neu- 
tralizable with scarlatinal antitoxin. 
By the available tests these four strains 
were found to be indistinguishable 


from those found in scarlet fever and 
other severe human streptococcal dis- 
eases. 

Bacteriological Study of Machin- 
ists* Cutting Compound. James 
E. Fuller, Massachusetts Agricul- 
tural Experiment Station, Amherst, 
Massachusetts. 

Samples of cutting compound from 
an industrial plant were examined on 
three occasions, at intervals of two 
weeks. The predominating organisms 
were members of the coli-aerogenes 
group. All fermented lactose with the 
production of acid and gas in 24 hours. 
In their growth on Endo*8 medium 
they resembled Aerohacter aerogenes 
rather than Escherichia coli. Their 
reactions to the Voges-Proskauer, 
methyl red, sodium citrate and uric 
tests, and indol production w’ere de- 
termined; all strains were then clas- 
sified as Intermediates of the group. 
The cutting compound consisted of an 
abrasive in light oil, and water was 
employed to give it volume. An ex- 
amination of the water supply em- 
ployed indicated that the supply was 
the source of these organisms. No 
staphylococci were recovered on either 
blood agar or nutrient agar plates, 
which indicated that the numbers of 
these organisms were relatively small, 
if they were present at all. Some or- 
ganisms of the Bacillus suhtilis group 
were observed. 

Demonstration op a Multiple Pipet- 
ting Machine, W. AT. Plastridge 
and L, F, Williams, Department of 
Animal Diseases, Storrs Agricultural 
Experiment Station, Storrs, Con- 
necticut. 

A machine capable of placing meas- 
ured amounts of agglutination antigen 
in test tubes at the rate of about 130 
tubes per minute was demonstrated. 




FIBRINOLYTIC, ANTICOAGULATING AND PLASMA- 
CLOTTING PROPERTIES OF STAPHYLOCOCCI 

ERWIN NETER 

Laboratories of the Children* s Hospital and the Department of Pathology and 
Bacteriology f Medical School, University of Buffalo 

Received for publication March 24, 1937 

In 1908, Much showed that plasma which had been coagulated 
by the plasma-clotting factor of staphylococci, may become re- 
dissolved. He attributed the lysis of the plasma clot to the action 
of a staphylococcus fibrinolysin. His observations were con- 
firmed by Kleinschmidt (1909), Gonzenbach and Uemura (1916), 
Gratia (1921), Aoi (1932), Gengou (1933) ,Vanbreuseghem (1934), 
Madison (1935), and Fisher (1936). The production of powerful 
fibrinolysin by hemolytic streptococci was demonstrated by Tillett 
and Garner (1933). Confirming Tillett and Garner’s results, 
Dennis and Berberian (1934) found a second factor produced by 
hemolytic streptococci which inhibits coagulation of plasma. 
Both factors were considered by these authors to be antigenic. 
Furthermore, they reported that one strain of Streptococcus 
viridans produced the anticoagulant. According to Tunnicliff 
(1936), there is a relation between the production of anticoagulant 
by Streptococcus viridans and its smooth phase. Neter and 
Witebsky (1936) showed that the production of bacterial anti- 
coagulants is not limited to Streptococcus hemolyticus only. They 
found that Streptococcus viridans, enterococci, pneumococci of 
various types, some strains of Escherichia coli, Pseudomonas pyo- 
cyaneas and others may produce an anticoagulant. In a subse- 
quent paper (Witebsky and Neter, 1936) the differences in the 
properties of the fibrinolysin and the bacterial anticoagulants 
were described. The authors came to the conclusion that both 
factors are entirely independent of each other. Recently, Dart 
(1936) reported that the streptococcus anticoagulant may be 
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separated from the streptococcus fibrinolysin by means of alcohol 
extraction. The streptococcus fibrinolysin and the bacterial 
anticoagulants are not artificial products obtained in vitro only, 
since both factors were found to be present in human exudates 
(Neter and Witebsky, 1936; Neter, 1936; Neter and Young, 1937). 

The following experiments are concerned with a comparative 
study of the production of fibrinolysin and anticoagulant by 
staphylococci in vitro and in vivo, and with the relation of the 
staphylococcus anticoagulant to the plasma-clotting factor of 
these microorganisms. 


TECHNIC 

Various strains of staphylococci were isolated from human 
lesions; they were tested for pigment production on plain agar 
plates and for hemolytic activity on 5 per cent human-blood 
agar plates. For the determination of gelatin liquefaction, nutri- 
ent gelatin (Difco) was employed. 

For the production of fibrinolysin and anticoagulant, the re- 
spective strains of staphylococci were cultured in plain and 1 -per- 
cent-glucose infusion broth for 18 hours at 37°C.* The cultures 
were centrifuged and the supernatant fluids tested according to 
the technic of Tillett and Garner (1933). The plasma used for 
the experiments was prepared by mixing 10 cc. of blood (human, 
rabbit or guinea pig blood) with 1 cc. of a 2 per cent potassium 
oxalate solution. The blood was shaken thoroughly and centri- 
fuged. For the demonstration of either the fibrinolysin or the 
anticoagulant, the supernatant fluid of the respective culture in 
serial dilutions (volume 0.5 cc.) was mixed with 1 cc. of 1 :6 dilu- 
tion of plasma; then 0.25 cc. of a 0.25 per cent calcium chloride 
solution in normal saline was added; the tubes were shaken thor- 

> The respective broths were always tested and found to be lacking in coagulat** 
ing and antiooagulating properties in the order of the experiment described. For 
comparative studies, culture media prepared by the Digestive Ferments Company 
were also employed. Brain heart infusion, heart infusion broth and veal infusion 
medium gave practically the same results as the meat infusion broth prepared in 
this laboratory. Extract broth, however, sometimes inhibited the clotting of 
human i^asma and, therefore, could not be used for the study of the anticlotting 
factor of bacteria. 
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oughly and kept at 37°C. The results were read at various inter- 
vals. The fibrinolysin is characterized by dissolution of the 
plasma clot, the anticoagulant by its continuous inhibition of the 
coagulation of the plasma. 

For the demonstration of the plasma-clotting factor of staphylo- 
cocci, serial dilutions of the supernatant fluid of the respective 
cultures in the volume of 0.5 cc. were mixed with 0.25 cc. of 
plasma, incubated at 37“C. and read at various intervals. 

RESULTS 

Sixty strains of staphylococci of human origin were examined. 
Of 43 strains of Staphylococcus aureus-hemolyticus, 2 produced 
the fibrinolysin in plain infusion broth, 35 the anticoagulant in 
1-per-cent-glucose infusion broth; 4 strains produced the fibrin- 
olysin as well as the anticoagulant and 2 lacked both properties. 
Seven strains of Staphylococcus albus-hemolyticus were tested; 

1 was found to produce the fibrinolysin, 4 the anticoagulant and 

2 strains failed to show fibrinolytic or anticlotting properties. 
Of 10 strains of non-hemolytic staphylococci (S. aureus and S. 
aUms), none produced the fibrinolysin, 5 showed anticlotting 
properties and 5 were negative. While the majority of staphylo- 
cocci isolated from human lesions showed anticlotting properties, 
only a relatively small percentage produced the fibrinolysin, in 
contradistinction to hemolytic streptococci. According to Aoi 
(1932) and Madison (1935), however, a higher percentage of 
fibrinolytic staphylococci is obtained when the isolated fibrin 
technic is employed; or, as in the experiments of Fisher (1936), 
when the observation period is extended over several days. In 
this connection it may be mentioned that on some occasions, 
staphylococcus fibrinolysin was found to be effective toward 
plasma coagulated by means of the plasma-clotting factor of 
staphylococci, but failed to dissolve the same plasma when clotted 
by the addition of calcium chloride solution. 

Experiments were carried out to determine whether or not a 
relationship exists between the production of fibrinolysin and 
anticoagulant by staphylococci on the one hand, and their ability 
to liquefy gelatin on the other. The majority of strains of 
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staphylococci isolated from human lesions liquefied gelatin and 
produced the staphylococcus anticoagulant. A few strains, how- 
ever, did not liquefy gelatin within 3 days, but produced the anti- 
coagulant. Two fibrinolytic strains of staphylococci tested, were 
found to liquefy gelatin. 

The properties of Staphylococcus fihrinolysin of human strains 
parallel those of the Streptococcus hemolyticus fibrinolysin with 
the exception that the fibrinolysin obtained from staphylococci 
acts more slowly and may be effective toward human as well as 
animal plasma. This latter observation corresponds to the find- 
ings of Madison and Dart (1936), who reported that some 
veterinary staphylo-fibrinolysins were effective also toward hu- 
man plasma. The antigenicity of the staphylococcus fibrinolysin 
could be demonstrated in the folio wing ways; (1) Staphylococcus 
antiserum (Staphylococcus Antitoxin Lederle) neutralized spe- 
cifically the staphylococcus fibrinolysin as did the serum of a 
12-year-old boy with osteomyelitis of the right thigh of one year 
duration; (2) the plasma of this patient was found to be resistant 
toward the staphylococcus fibrinolysin in contradistinction to 
plasma obtained from normal individuals and from two children 
with scarlet fever. The plasma of the above patient, suffering 
from osteomyelitis, however, was susceptible toward the Strepto- 
coccus hemolyticus fibrinolysin. 

The staphylococcus anticoagulant has the same properties as 
the anticoagulant produced by other microorganisms : it inhibits 
coagulation continuously; it is effective toward human as well as 
animal plasma; it is produced in broth containing carbohydrates, 
but not in plain infusion broth. When staphylococci were cul- 
tured in broths containing various carbohydrates, such as glucose, 
lactose, maltose, sucrose and mannitol, different strains produced 
the anticoagulant in different carbohydrate media. The effec- 
tiveness of the staphylococcus anticoagulant may be equally 
inhibited by either normal serum or spinal fluid, proving that a 
factor other than an tmtibody-function is responsible for this 
inhibition. 

Experiments were/MUiied out to elucidate whether or not the 
sta|}hyloooccas anticoagulant is antigenic. For this purpose, 
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Staphylococcus Antitoxin (Lederle) and the serum of the above- 
mentioned patient with chronic osteomyelitis were tested; both 
sera failed to inhibit the effectiveness of the staphylococcus anti- 
coagulant to a greater extent than did normal serum or spinal 
fluid. Moreover, coagulation of the plasma of the above patient 
with osteomyelitis was inhibited in the presence of the staphylo- 
coccus anticoagulant. It may be concluded, therefore, that the 
staphylococcus anticoagulant is lacking in antigenicity. 

According to their action on plasma, staphylococci may be 
classified into one of the following four groups: (1) Staphylococci 
may produce the specific fibrinolysin; (2) they may form an anti- 
clotting principle; (3) they may possess both properties or (4) 
they may lack both properties. The simultaneous presence of 
staphylococcus anticoagulant and fibrinolysin in glucose broth 
could be demonstrated in two ways: (1) "^en the supernatant 
fluid of the glucose broth is titrated, the undiluted broth inhibits 
coagulation, while the broth in higher dilutions causes lysis of the 
plasma clot. (2) When undiluted glucose broth is mixed with 
plasma which has been diluted with normal spinal fluid instead of 
saline solution, fibrinolysis occurs and not inhibition of plasma 
coagulation, because normal spinal fluid inhibits the effectiveness 
of the anticoagulant only. The question arises whether a relation 
exists between the production of fibrinolysin or anticoagulant 
and the pathogenicity of staphylococci for man. The respective 
experiments may be summarized as follows: Staphylococci pro- 
ducing the fibrinolysin as well as those producing the anticlotting 
factor were found as causative agents in abscesses, exudates and 
in the blood stream in cases of staphylococcus sepsis. Both types 
of staphylococci, therefore, may be virulent for man and may 
invade the blood stream. 

In order to determine whether the staphylococcus anticoagulant 
and the staphylococcus fibrinolysin may be found in vivo, puru- 
lent exudates were examined. The staphylococcus fibrinolysin 
could be demonstrated in the supernatant fluid of a staphylo- 
coccus empyema in two cases as well as in the purulent exudate of 
a case of osteomyelitis. The strains obtained from these lesions 
also produced the staphylococcus fibrinolysin in vitro. The 
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staphylococcus anticoagulant too may be present in exudates 
caused by staphylococci; it was found in the supernatant fluid 
of a staphylococcus empyema of a patient who suffered from 
staphylococcus sepsis; the strains isolated from the blood stream 
as well as from the empyema fluid in pure culture produced the 
staphylococcus anticoagulant also in vitro. 

Staphylococci are capable of clotting human as well as animal 
plasma. This plasma-clotting property has been known for many 
years and was extensively studied by Loeb, Much, Kleinschmidt, 
Gross, Gratia, Chapman, Fisher and others. A review of this 
subject is given in the article by Fisher (1936). The question, 
whether the plasma-clotting factor of staphylococci might be of 
significance in the development and course of staphylococcus 
infections was recently discussed by Chapman, Berens, Peters 
and Curcio (1934), by Menkin and Walston (1935) and by 
Pijoan (1935).* It is of interest, therefore, to determine whether 
or not the staphylococcus coagulant may be produced in natural 
staphylococcus infections. For this purpose, exudates obtained 
from human beings suffering from staphylococcus infections were 
examined; they were centrifuged immediately after the specimens 
were obtained. The supernatant fluid in decreasing amounts 
(volume 0.5 cc.) was mixed with 0.25 cc. of human as well as 
guinea pig and rabbit plasma. Several specimens even in dilu- 
tions up to 1:100 caused coagulation of human and animal 
plasma. In one case of staphylococcus pericarditis, the super- 
natant fluid of the exudate (dilution 1 : 2) caused clotting of human 
and guinea pig plasma within 10 minutes. In this coimection, 
it may be mentioned that the exudates in two cases also contained 
the fibrinolysin and, in one case, the anticoagulant besides the 
plasma-clotting factor of staphylococci. It follows from these 
experiments that the staphylococcus coagulant may be found in 
vivo and may be present simtiltaneously mth the staphylococcus 
anticoagulant or fibrinolysin. 

In view of the fact that staphylococci may ca\ise as well as 
in^bit coagulation of plasma, the quantitative relation between 
staphybcoccus antieoagulant and the plasma-clottmg factor of 
these mierodrganisms was examined. The following protocol 
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represents a typical example: In part I of the experiment, the 
supernatant fluids of (o) plain broth, and (6) glucose broth cul- 
tures of Staphylococcus aureus-hemolyticus in decreasing amounts 
(volume 0.5 cc.) were mixed with 0.25 cc. of human plasma and 
incubated at 37°C. The resulting coagulation is recorded in 

TABLE 1 

Relation of the plasma-clotting factor of Staphylococcus aureus-Hemolyiicus to the 
staphylococcus anticoagulant 
Part I 


DBCRBASXNQ AMOUNTS OV SUPBR- 
NATANT FLUID OF BROTH CULTURB 

COAOULATXON OF HUMAN PLASMA (0.26 CC.) BT SUPERNATANT 
FLUID OF CULTURB OF STAPHYLOCOCCUS QROWN IN 

(VOLUMB 0.6 CC.) 

a 

Piaia broth 

1 ^ 

1 Glucose broth 

(1) 0.5 cc. 

Coagulation 

No coagulation 

(2) 0.05 cc. 

Coagulation 

Coagulation 

(3) 0 005 cc. 

Coagulation i 

i Coagulation 

(4) 0 

No coagulation 

No coagulation 

(5) Broth control j 

j No coagulation 

No coagulation 


Read after one hour incubation at 


Part II 


DBCRBASINO AMOUNTS OF 
BUPBRNATANT FLUID OF 
BROTH CULTURB 
(VOLUMB 0.6 CC.) 

INHIBITION OF COAGULATION OP HUMAN PLASMA (1.0 CC. OF A 15 
dilution) BT SUPERNATANT FLUID OF CULTURB OF STAPHYLO- 
COCCUS QROWN IN 

a 

Plain broth 

b 

Glucose broth 

After addition of 0.26 oc. CaCh 

(1) 0.5 cc. 

(2) 0.05 cc. 

(3) 0 006 cc. 

(4) 0 

(5) Broth control 

Coagulation 

Coagulation 

Coagulation 

Coagulation 

Coagulation 

No coagulation 

Coagulation 

Coagulation 

Coagulation 

Coagulation 


Read after one hour incubation at 37*^0. 


part I of table 1. In part II of the experiment, the same super- 
natant fluids were mixed with 1 cc. of 1:5 dilution of human 
plasma and 0.25 cc. of 0.25 per cent solution of calcium chloride. 
The mixtures were incubated at 37®C. and the resulting inhibition 
of coagulation is recorded in part II of table 1. 
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Table 1 shows that the plasma-clotting factor is present in the 
supernatant fluid of plain and glucose infusion broth cultvures up 
to a dilution of 1 : 100. When undiluted glucose broth, however, 
is used, no coagulation is observed. Part II of the experiment 
offers an explanation of these findings : The anticoagulant, present 
in undiluted glucose broth counteracts the effectiveness of the 
plasma-clotting factor. The staphylococcus coagulant, however, 
is not destroyed by the anticoagulant since it can easily be demon- 
strated in higher dilutions of glucose broth. The antagonistic 
effect of the staphylococcus anticoagulant is not a specific one 
since the enterococcus anticoagulant was also found to inhibit 
the plasma-clotting factor of staphylococci. 

DISCUSSION 

Coagulation of exudates and dissolution of fibrin are important 
factors in bacterial infections, as for example the fibrinous exudate 
in pneumonia and the formation of fibrinous adhesions in certain 
cases of meningitis on the one hand, and the dissolution of fibrin 
in an infected thrombus on the other. A study of the influence 
of bacteria and their products on coagulation of plasma and dis- 
solution of fibrin may, therefore, throw light on some phases in 
the development and course of bacterial infections. 

Staphylococci from human sources may produce a fibrinolysin 
as well as a factor which inhibits coagulation of plasma. The 
staphylococcus fibrinolysin acts upon human as well as animal 
plasma clots. It is an antigen and can be neutralized by specific 
staphylococcus antisera. Patients with staphylococcus infec- 
tions may develop a staphylococcus antifibrinolysin. The staph- 
ylococcus fibrinolysin resembles the streptococcus fibrinolysin 
which was first described by Tillett and Gamer. It is, however, 
antigenically different. 

The staphylococcus antico^ulant is produced by the majority 
of strains of staphjdococci isolated from lesions of man. It has 
the same properties as the anticoagulant of other microdrganisms. 
The anticoagulant inhibits the coagulation of plasma continu- 
ously; it is produced in culture media containing carbohydrates. 
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This anticoagulant differs distinctly from the staphylococcus 
fibrinolysin not only by its action upon plasma, but also by the 
fact that it is not antigenic. 

The nature of bacterial anticoagulants is not known as yet. 
It is even questionable whether or not we are dealing with a 
uniform substance. Inhibition of coagulation of plasma may be 
achieved in different ways: On the one hand, calcium may be 
rendered ineffective; on the other hand, a substance may act 
upon fibrinogen or thrombin and its constituents. Further 
studies in this direction are under way. The fact that the bac- 
terial anticoagulant is produced only in culture media which 
contain carbohydrates, suggests that the anticoagulating factor 
may be a derivative of carbohydrates. Various sugars are suit- 
able for the production of the staphylococcus anticoagulant. 
Because of the importance of the carbohydrates for the develop- 
ment of the anticoagulant, the question arises whether or not the 
resulting acidity of the culture medium may be responsible for 
the inhibition of plasma coagulation. Preliminary experiments 
by the use of the quinhydron-electrode, however, showed that a 
change of the pH cannot be the only factor. This is in agreement 
with the recent report of Dennis and Adham (1937). 

Both bacterial fibrinolysin and anticoagulant are factors which 
may be of significance in natural infections. It was possible to 
demonstrate the staphylococcus fibrinolysin as well as the staphy- 
lococcus anticoagulant in exudates from human beings, proving 
that these substances may be produced in vivo. These results 
are in accord with the findings that fibrinolytic as well as anti- 
clotting staphylococci could be isolated as causative agents from 
lesions in man. In this connection, it is of interest to state that 
both types of staphylococci could also be isolated from the blood 
stream in cases of staphylococcus sepsis, proving that anti- 
coagulating as well as fibrinolytic staphylococci may exhibit inva- 
sive properties. 

Staphylococci may produce not only fibrinolysin and anticoagu- 
lant; they may also form a factor which causes clotting of human 
as well as animal plasma. This plasma-clotting factor of staphy- 
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lococci may be of importance for the development and course of 
staphylococcus infections. It was possible to demonstrate the 
staphylococcus coagulant in exudates obtained from human 
beings. 

The possible interaction of these three factors: fibrinolysin, 
anticoagulant, and plasma-clotting factor, make an experimental 
analysis of staphylococcus infections difficult. The antagonistic 
effect of the plasma-clotting factor of staphylococci toward the 
staphylococcus anticoagulant could be demonstrated in vitro. 
The anticoagulant inhibits the plasma-clotting factor, but does 
not destroy it. The effectiveness of the plasma-clotting factor 
becomes manifest in dilutions in which the bacterial anticoagulant 
is no longer effective. 


SUMMARY 

1. Staphylococci from human sources may produce either 
fibrinolysin or anticoagulant, or they may simultaneously exhibit 
or lack both properties. 

2. The staphylococcus fibrinolysin dissolves human as well as 
animal plasma clots. It can be specifically neutralized by staphy- 
lococcus antiserum. It is aijtigenically different from the Strep- 
tococcus hemolyticus fibrinolysin. 

3. The staphylococcus anticoagulant has the same properties 
as the anticoagulant of other microorganisms; it inhibits coagula- 
tion of human and animal plasma continuously; it is produced in 
broths containing carbohydrates; it can be rendered ineffective 
by normal serum or spinal fluid; and it is not antigenic. 

4. Staphylococcus lesions in man may be due to strains pro- 
ducing either the fibrinolysin or the anticoagulant. Both types 
of staphylococci may invade the blood stream. 

5. Staphylococcus fibrinolysin as well as staphylococcus anti- 
coagulant may be produced in staphylococcus infections in man. 

6. Patients suffering from staphylococcus infections may de- 
velop a specific antifibrinolysin. 

7. The plasma-clotting factor of staphylococci could be demon- 
strated in exudates of man. 
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8. The plasma-clotting factor of staphylococci may be in- 
hibited by anticoagulants of staphylococci or of other micro- 
organisms without being destroyed. 
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INDIOPEN DENT VARIATION OF SEVERAL ('IIARA('- 
TERISTK'S IN S. MAR('ES('ENS 


G. H. KKKl) 

Ihparhncnf of tologi/, Quren^a U niren^tlgy Kingston, Canada 

Rocoivod for |)ubli< ation May 1, 1937 

Vjiriatioii in baoloria (S lo R or R l.o S) is frecinonily acoom- 
j)ani(!(l by simultaneous change in several characteristics. Had- 
ley’s (1U27) familiar list of characteristics generally associatcal 
with S and with R (‘olonial forms summarises this relationship. 
There have been recorded, however, several instances of inde- 
ixualent inheritance in individual characteristics. .\ study of 
^•ariation and inheritance; in Hcrraiia uumrsceii.s suggests the* pres- 
ence of unit characters which may vary indej)end(‘ntly. 

The wide variation in j)igmentat ion of S. uinrcencfHK is well 
known, esjx'cially since the study made by Rettger and Sherrick 
(H)ll) twenty-five years ago. These aeithors do not a])pear to 
have ob.served variation in other characteristics and neither Breed 
and Jireed (1924) in their monographic study of the genus nor 
Pedersf)!) and Breed (1928) in their detailed work on fermentation 
of this and related species make any reference to variation l)eyond 
noting the occurrence of non-pigmented strains and the difficulty 
of their clas.sification. 

In this study some six cultures from the National t’ollection 
of Type (’ultures and a few recently isolated .strains have been 
examined and two have beem cultured in considerable detail over 
long periods. 


VAUIE'I'IES 

('ulture 2446 from the Collection of Type Cultures, described 
in their list as isolated from milk, llygienisches Inst., Koln, has 
been particularly fruitful in the production of A'ariants. Fifteen 
true-breeding types have been isolated, mad(‘ up of the .several 
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Figs. 1 to 7. Photographs of Colonies and Organisms, S. mahcescens 
Fig, 1 . S and R colonies. 

Fig. 2. R colonies. ^ 

Fig. 3. Medusoid colony. 

Fig, 4. S colony showing radiating bands of red and w^hitc pigmentation. 
Fig. 5. Organisms from a non-mucoid S colony. 

Fig. 6. Organisms from non-mucoid R colonics. 

Fig. 7. Organisms from a mucoid R colony. 
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combinations of three sets of characteristics: S and R and medu- 
soid colonies; non-capsulated and capsulated forms; three colour 
varieties, red, orange-red and white. 

S colonies on agar are low-convex to convex with regular entire 
margins and a perfectly smooth surface (fig. 1). Growth in 
broth is diffuse. The organisms, except in very old cultures, are 
always coccoid 0.3 to 0.6 in diameter or rods of the same diameter 
and up to 1.0 to 1.5m in length (fig. 5). 

R colonies on agar are low-convex with erose to fimbriate 
margins and a rough or granular surface (fig. 2). Growth in 
broth is at first diffuse, like the S growth, but later becomes 
granular and tends to settle. In sharp contrast to the cells of 
S colonies, the R organisms are always rods from 1 to 8 or 10m 
in length and most R colonies contain many long filaments of 15 
to 20 or occasionally 50m (fig- 6). 

Mucoid colonies have been observed among both S and R types. 
The mucoid S colonies closely resemble the non-mucoid S except 
that the surface tends to glisten. The mucoid R colonies are 
indistinguishable, in appearance, from the non-mucoid R. On 
touching an S or R mucoid colony with a loop, or on dipping into 
a broth culture, mucilaginous threads may be drawn out to a 
length of several centimeters. The cells resemble those in the 
non-mucoid S or R colonies except for the presence of thick cap- 
sules (fig. 7). It is unusual to find R colonies with a mucoid 
structure but instances have been reported in other species as by 
McGaughey (1933) and Orr, Josephson, Baker and Reed (1934). 

Medusoid colonies resemble medusa-head colonies described as 
occtirring in several other species as in Bacillus subtilis, Soule 
(1928). On agar they are irregular mounds with reticulate to 
folded surfaces, rather than granular as in R colonies, and a thick 
irregular margin (fig. 3). The consistency of the colonies differs 
conspicuously from the mucoid and non-mucoid S and R in being 
tough and leathery. Growth in broth is at first diffuse and later 
granular like the R. The organisms resemble the mucoid R forms 
but tend to be irregularly curved. It seems probable, therefore, 
that the medusoid colony is the result of variation m the capsule 
structure of R forms. 
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Colour varieties. True-breeding red, orange-red and white 
colour varieties have been isolated from S, R, mucoid, non-mucoid 
and medusoid colonial forms. The red and orange-red pigments 
appear to be either closely related substances or modifications 
of the same substance. The colour contrast between the two is 
most evident when the organisms are grown on approximately 
neutral or acid agar, pH 7.5 to 6.0, On more alkaline media the 

TABLE 1 


A list of variants isolated from seven cultures of S. marcescens 


CULTURE MUXBaB 

COLONIAL AND COLOUR VARXBTZBB 

2446 

S non-mucoid 

S mucoid 

R non-mucoid 

R mucoid 
Medusoid 

red, orange-red, white 
red, orange-red, w'hite 
red, orange-red, white 
red, orange-red, white 
red, orange-red, white 

2293 

S non-mucoid 

R non-mucoid 

R mucoid 

red, white 

red, orange-red, white 
red-orange, white 

1377 1 

S non-mucoid 

R non-mucoid 

red, white 
red, white 

2302 1 

S non-mucoid 

R non-mucoid 

red, white 
red, white 

3804 

S non-mucoid 

red, white 

2842 1 

S non-mucoid 

R non-mucoid 

pink, white 
pink, white 

air 

S non-mucoid 

red, pale pink, white 


red appears less vivid and on agar of pH 8.0 to 8.5 it is imposedble 
to distinguish the two. Trtmsfers to neutral or acid media result 
in growths with the original sharply contrasting red and orange- 
jed colours. When the two pigments are dissolved in alcohol the 
same contrasting red and orange-red colours are apparent but if 
two or three volumes of chloroform are added to the alcoholic 
solutions the colour ecmtrast is lost. 
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Six of the above forms were isolated from the first series of 
plates made from the agar slope culture 2446 received from the 
Collection. The remaining nine types were recovered from later 
cultures. The fifteen have been maintained in pure culture for 
periods of six to twelve months. The idea that the original might 
not have been a pure culture has been rendered unlikely by the 
breeding history of the isolated types as described in the following 
section. 

Six additional cultures of S. marcescens which have been ex- 
amined in less detail have yielded two or more of the same sort 
of variants, as indicated in table 1. 

VARIATION EXPERIMENTS 

All of the types in the above list were tested for purity and 
stability by at least 12 serial single-colony isolations from agar 
plates before subjecting them to subsequent analysis. In the 
variation studies all cultures have been made in beef-infusion 
broth prepared according to Wright’s (1929) method and on 
agar made from similar broth. Incubation has been at 18° or 37°. 
No other modification of the environment has been made. 

Variation in S. red type 

From a culture which for many generations, from single colony 
transplants had produced only S, non-mucoid, red types, six 
similar colonies were fished to 500-cc. flasks of broth and the 
cultures allowed to age at 18°. Plates were made at intervals 
from the ageing cultures. After two weeks a few orange-red and 
white colonies appeared on the plates and eventually the original 
red pigmented forms were largely replaced by these colour vari- 
ants. After 24 days one of the six cultures developed a few 
mucoid colonies, some of which were red, some orange-red and 
some white. Two of the six cultures after 24 and 36 days pro- 
duced a few K colonies, part of which were red, part orange-red 
and part white. The remaining cultures continued for the period 
of examination, 36 days, to produce only non-mucoid, S colonies. 

Red, S forms, from the same source, were allowed to age for 
many days on agar plates at 18°. A very few colonies developed 
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R sectors or R marginal outgrowths from which pure R cultures 
were isolated. Similarly, colonies with orange or white marginal 
sectors frequently appeared, from which pure orange or non- 
pigmented cultures were readily obtained. This is exactly the 
end reached by Rettger and Sherrick (1911) by the more indirect 
method of gross selection from the least pigmented portions of 
agar slope cultures. It is also in agreement with many observa- 
tions on pigmented species, especially with Hadley’s (1927) 
results with Pseudomonas aeruginosa and Punkari and Henrici’s 
(1933, 1935) results with a pigmented Torula. 

A more extreme form of the same type of colony was frequently 
observed on ageing agar plates made from old broth cultures, 
colonies which were largely white but retained radiating bands of 
red or orange-red (fig. 4). This evidently results from the forma- 
tion of several non-pigmented segments early in the history of 
the colony. More rapid growth of the white cells results in fan- 
shaped segments with a restriction of the pigmented cells to 
narrow bands until they are completely overgrown by the white 
cells at the margin of the colony. This again resembles Torula 
colonies described by Punkari and Henrici. 

Variation in iS. mucoid, red type 

Four similar colonies were fished from a plate, made from a 
culture which for ten serial transfers from single colonies had 
produced only S. mucoid, red types, to 500-cc. broth flasks and 
allowed to age at 18’’ for 21 days. Plates made at intervals 
exhibited a few orange-red and many white colonies in all four 
cultures. Two of the cultures continued to produce only S 
mucoid forms, one developed a few non-mucoid S forms and one 
a few mucoid R forms. 

Varialion in R non-mucoid type 

Six broth tubes were inoculated from mmilar colonies of a 
culture which had produced only R, non-mucoid, red types for 
twelve serial culture from single colonies. The broth cultures 
were incubated at 37** and serial transfers to broth made at 10- 
ta 14-ho\u* interval# when, judging by opacity, the cultures were 
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nearing the end of the logarithmic period of growth. Plate cul- 
tures made at intervals yielded a few orange-red and a few white 
colonies. Three cultures remained, as far as indicated by plating, 
entirely R and non-mucoid; one developed a few R mucoid forms 
and three developed a few S forms. 

Variation in R mucoid red type 

A similar variation has been observed in mucoid red t3rpes. 
In this instance out of five similar broth cultures, after eight rapid 
transfers, one remained unchanged, the other four developed 
orange-red and white variants; three produced S forms, mucoid, 
non-mucoid, red, orange-red, and white; one produced a few red, 
orange-red and white medusoid colonies. 

Variation in medusoid forms 

Medusoid colonies both red, orange-red and white, as noted 
in the last section, have very occasionally appeared in broth cul- 
tures of mucoid R strains. Once isolated these have proved to be 
among the most stable of the variations. Six similar red, medu- 
soid colonies were fished to broth tubes and transferred serially 
for twenty 10- to 14-hour generations at 37®. Plate cultures 
made at intervals up to the last generation developed only 
medusoid colonies but five to twenty per cent were orange-red 
or white. When plate cultures from the latter broth generations 
were allowed to age for two to three weeks at 18° a very few colo- 
nies developed marginal sectors of mucoid or non-mucoid R. 
Fishings from these sectors yielded, eventually, true-breeding- 
mucoid and non-mucoid R cultures, some red, some white. 

VaricUion in pigmentation 

In the preceding paragraphs it has been shown that red, orange- 
red and white varieties have been isolated from S, R and medusoid 
colonies and from capsulated and non-capsulated types. These 
have been maintained as true-breeding colour varieties for many 
generations. Variation in pigmentation has been observed to 
occur in one direction only. Change occurs readily from red to 
orange-red or white, orange-red to white, or in another culture 



262 


O. B. BEED 


from red to pale pink or white, pale pink to white, but in neither 
case has a single instance of variation in the reverse direction 
been observed. This is in agreement with Hadley’s finding in 
the case of P. aeruginosa (1927). 

ANTIGENIC BTBUCTUKE 

Antigenically, S. marcescem is apparently not a homogeneous 
species. Anti-sera prepared in rabbits against both S and R 
forms of two cultures agglutinated, in large floccules, S organisms 
from the homologous and from four additional cultures but failed 
to agglutinate S organisms from two other cultures in sufficient 
serum dilution to indicate significant antigenic relationship. This 
suggests that there may be agglutination groups within the spe- 
cies but the matter has not been further investigated. 


TABLE 2 

Agglutination reactions of six cultures of S. marcescens in the Sy redy non^mucoid 
form. Floccular agglutination 


ANTI>«K11A 

■ OBOANI81IB 

Culture 

3446 

Culture 

2293 

Culture 

1377 

Culture 

2302 

Culture 

3804 

Culture 

2842 

2446, S, red, non-M. 

1~2§60 

1-1280 

1-640 

1-1280 

1-20 

1-20 

2446, R, red, non-M. 

1-20480 

1-20480 

1-20480 

1-20480 

1-20 

1-20 

2293, S, red, non-M. 

1-10240 

1-10240 

1-10240 

1-10240 

1-20 

1-20 

2293, R, red, non-M. 

1-20480 

1-1240 

1-20480 

1-20480 

1-20 

1-20 


Within a single strain on the other hand variation in pigmenta- 
tion has no influence upon the flagellar antigen. As shown in 
table 2, anti-sera for red pigmented S forms, cultures 2446 and 
2293, produce, at the same maximum dilution, floccular agglu- 
tination of red and white S, red and white R organisms. Simi- 
larly, anti-s^a for white forms agglutinate at the same maximum 
dilution red and white S, red and white R organisms. The prob- 
lem of the classification of non-pigmented S. marcescens raised 
by Pedersen and Breed (1928), it appears, might be facilitated by 
agglutination studies. 

In the same manner variation of non-mucoid to mucoid or 
medusoid forms not appreciably affect the flagellar antigen. 
Where anti-serum for either the non-mucoid or mucoid type is 
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brought into contact with non-mucoid, mucoid or medusoid 
organisms, in series of agglutination tubes, arranged so that the 
serum dilution is doubled in each successive tube, the maximum 
serum dilution for floccular agglutination of mucoid and medusoid 
organisms is ordinarily one tube less than the dilution which 
affects agglutination of non-mucoid organisms. This relatively 
small difference seems more likely to result from alteration in the 
physical character of the mucoid organisms than from variation in 
the flagellar antigen. 

Variation in colony structure from S to 11 resulted in complete 
loss of somatic antigen but had no influence on the flagellar agglu- 
tination. There was, however, some difficulty in removing flagel- 
lar antigen. Heating suspensions of S or R organisms to 75° 


TABLE 3 

Agglutination reactions with pigmented and non-pigmenied S. marcescens 


OBQANISUS 

ANTT>8KRI7M 

3446. S. red 

2446, 8, white 

2303, S, red 

2293, S. white 

2446, S, red 

1-2560 

1-2560 

1-10240 

1-1280 

2446, S, white 

1-26G0 

1-2560 

1-10240 

! 1-1280 

2446, R, red 

1-5120 

1-2560 

1-10240 

1-1280 

2446, R, white 

1-5120 

1-2560 


t 

1 


for an hour, which ordinarily destroys or inhibits the H antigen, 
or extracting with absolute alcohol at 50°, the method used by 
White (1927), only served to lower the agglutination titre from, 
for instance, 1-5120 to 1-1280 or 1-640 but did not alter the 
form of flocculation of either S or R organisms. White (1928), 
however, found that the H antigen of certain R Salmonella types 
was resistant to this treatment but was inactivated by a further 
extraction with chloroform. As indicated in table 3, S organisms 
extracted with alcohol-chloroform gave clear cut fine granular 
or 0 agglutination with both anti-S and anti-R serum at approxi- 
mately one fourth the maximum serum dilution which produced 
characteristic large floccules or H agglutination with the un- 
treated S organisms. R organisms, on the other hand, after 
alcohol-chloroform extraction fail to agglutinate with either anti-S 
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or anti-R serum. As in many other species, the flagellated S 
organisms contain both H and 0 antigens. In S to R variation 
the H antigen is retained, the 0 antigen is lost. 

ASSOCIATED AND INDEPENDENT FACTORS IN INHERITANCE 

In this study the inheritance of five sets of characteristics has 
been followed. In the preceding description of variants and their 
breeding history it has been shown that colony structure, cell 
form and specific somatic agglutinogen are always associated: 
S colonies are composed of short rods and coccoid cells containing 
specific somatic antigen, while the R colonies are composed of 
long rods and filaments without the specific somatic antigen. 

TABLE 4 


Agglutination reactions with S and R organisms from young broth cultures and 
organisms extracted with alcohol-chloroform 


OBOANX81IS 

ANTI-SBRUM 

2446 

S 

2446 

B 

2293 

B 

2293 

R 

2446, S, motile 

1-2560 fl. 

1-20480 fl. 

1-1280 fl. 

1-40960 fl. 

2446, S, ale. -chi. 

1--640 g. 

1-640 g. 

1-320 g. 

1-320 g. 

2446, R, motile 

1-6120 fl. 

1-40060 fl. 

1-1280 fl. 

1-40960 fl. 

2446, R, alc.-chl. 

0 ... 

0 

0 

0 


fl. floccular. g. « granular agglutination. 


Where variation occurs from S to R or in the reverse direction the 
associated characteristics vary sjmchronously. This may arise 
from an inseparable linkage of the inheritance factors or these 
three characteristics may result from the tr ansmiss ion of a ainglA 
gene. What is measured as somatic antigen may, for instance, 
determine the cell form and ceU form may determine the colony 
topi^aphy. 

It has been dbiown, however, that capsulated cells with the 
resulting mucoid structure of colonies occur in both S and R forms. 
Variation may proceed in the direction of either gain or loss in 
capsulatimi and this variation may occur irrespective of variation 
in S or R cdony form. It is evident, therefore, that the factor 
for the inheritance of mucoidness or its absence is independent of 
the factmr or lactdrii far cdony structure. 
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It has also been shown that variation in pigmentation from red 
to orange-red or white or from orange-red to white, occurs regard- 
less of variation in colony structure or capsulation of the cells. 
Colour factors must therefore be inherited independent of factors 
for colony structure or for capsulation. 

Independent variation in three sets of characteristics does not 
appear to be consistent with any theory of cyclic change in the 
organisms. It seems more likely that, in these cases at least, 
the inheritance of individual characteristics has been subject to 
some irregularity. A mechanical h)T)othesis was recently sug- 
gested (Reed 1933) depending upon assumed irregularities in cell 
division and the distribution of multiple genes for a single char- 
acteristic. However, multiple gene theories have not proven to 
be workable in higher forms where more data are available; indeed 
Muller (1932) has shown that the results produced are not pro- 
portional to the “concentration” of genes. It therefore seems 
more in line with current genetical opinion (Muller 1932), to 
assume that the independent variation in several characteristics, 
as demonstrated in this species, is the result of change in indi- 
vidual genes or “gene mutation.” 

CONCLUSIONS 

1. It has been shown that in the variation of Serratia marcescens 
colony structure, cell form and somatic antigen are inseparably 
associated. 

2. Variation in capsulation of the cells and in pigmentation 
may occur, independent of variation in colony structure and 
associated characteristics. 

3. The suggestion is made that this independent variation in 
several characteristics, is more likely to result from gene muta- 
tions than from a cyclic change in the organism. 
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The usual procedure in testing the germicidal strength of a 
compound is to note its effect on one or more species of bacteria 
and to compare the results with those obtained from phenol. 
A value known as the phenol coefficient may be calculated from 
the results of such a test. 

The phenol coefficient is defined as the killing power of a germi- 
cide, towards a specified organism, as compared to that of phenol. 
If the organism, EbertheUa typhosa {B. typhosus) is used as the 
test organism the result will be an Eberthella-typhosa phenol 
coefficient, etc. The phenol coefficients will vary, naturally, with 
the test organism employed. 

Several methods are used to determine the phenol coefficient. 
That proposed by Reddish (1928), and recommended by the 
American Public Health Association, was followed by us in every 
case. 

Briefly, the phenol coefficient is determined by inoculating 
various dilutions of the germicide in sterile distilled water with 
the test organism. After an interval of five minutes a standard- 
ized loopfuh is removed from each dilution and transferred to 
broth. This is repeated after ten minutes and again after fifteen 
minutes. The tubes are examined for turbidity after 48 hours. 
The same procedure is followed for phenol. The phenol co- 
efficient is determined by dividing the greatest dilution of disin- 
fectant capable of killing the test organism in 10 minutes but not 
in five minutes by the phenol dilution found to effect this result. 

‘ A 4 nun. loop, outside diameter. 
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Various factors miist be controlled in order that the results 
shall be of value. These include: species of organism, viability 
of the organism, temperature of incubation, proportion of culture 
to disinfectant, size of the inoculation loop, and composition of 
the culture medium. 

It is customary to rate disinfectants on the basis of their phenol 
coefficients. The method may be justifiable if the germicides are 
to be employed on external skin surfaces or in connection with the 
sterilization of non-living material. On the other hand, if dis- 
infectants are internally administered or used on mucous sur- 
faces, the above method presents serious objections. A germicide 
possessing a high phenol coefficient is usually preferred to one 
less potent. There would be no advantage in using a compound 
with a coefficient of 10 on mucous surfaces if it possessed ten times 
the toxicity of phenol. Phenol could be employed to equal ad- 
vantage, with probably a considerable saving in the cost of the 
disinfectant. 

It is believed that a more accurate method of rating those 
germicides, recommended for internal administration or for use 
on mucous membranes, would be to test them for their efltect on 
the growth of living embryonic tissue as well as for their ability 
to kill bacteria. A number, known as the toxicity index is de- 
termined by dividing the highest dilution required to prevent the 
growth of embryonic chick heart tissue during 48 hours by the 
highest dilution required to kill the test organism after an exposure 
of 10 minutes. 

For the preparation of tissue cultures it is necessary to have : 
(1) Plasma, (2) Tyrode solution, (3) tissue fragments and, (4) 
diluted embryonic fluid. 

1. Plasma. Guinea-p^ plasma is satisfactory and easily ob- 
tained. Ten cubic centimeters of blood are mixed with 1.0 cc. of 
a 1:1000 heparin solution. This prevents rapid coagulation of 
the plasma. Tlie blood is centrifuged, the plasma removed and 
refrigerated xmtil used. 

2. Tyrode solution, lliis is a phyriological salt solution con- 
taining 0.1 per cent glucose. It is used probably nmre than any 
other physiological talt solution for tissue culture work. 
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3. Tissue fragments. Chick hearts removed from 9-day-old 
embryos are used in pieces from 0.5 to 1.0 mm. in diameter. The 
size should be as uniform as possible, never larger than 1.0 mm. in 
diameter. 

4 . Dilute embryonic fluid. This is prepared by mincing chick 
embryos in a tissue grinder and diluting with 5 parts of T3Tode 
solution. The suspension is then centrifuged and the clear super- 
natant fluid removed. The embryonic fluid serves as food for 
the tissues. 

The various dilutions of the germicide under examination are 
made in the embryonic fluid. 

The tissue cultures are prepared as follows: The fragments are 
embedded in guinea-pig plasma diluted with three parts of Ty- 
rode solution in Carrel flasks. The plasma coagulates shortly 
after the addition of the tissue. The fibrin matrix holds the 
fragments. The coagulated plasma is then covered with a layer 
of embryonic fluid containing a known concentration of the ger- 
micide. The flasks are capped to prevent evaporation and incu- 
bated at 38®C. 

The plasma, Tyrode solution and embryonic extract are care- 
fully measured so that the final concentration of germicide in 
each flask is known. 

The flasks are examined for tissue growth after an incubation 
period of 48 hours.* The highest dilution of the germicide show- 
ing no growth of the tissue is taken for the calculation of the 
toxicity index. The following example will show the method for 
determining the index. The highest dilution of disinfectant 
preventing growth of tissue in 48 hours is 1:5000. The highest 
dilution of the chemical showing no growth of the test organism, 
Staphylococcus aureus, after 10 minutes’ exposure,* is 1:2500. 
The toxicity index is calculated by dividing 5000 by 2500. The 
rrault, 2.0, means that the germicide is twice as toxic for the tissues 

* A period of 24 to 48 hours is required in order to determine if the tissue 
fragments show proliferation. 

* The exposure time of the organisms to germicide was limited to 10 minutes 
because it is not believed that a chemical in contact with a mucous membrane 
or the cut surfaces of an incision will remain effective for a longer period of time. 
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as for the bacteria. If the toxicity index was 0.5 it would mean 
that the disinfectant was twice as toxic for the bacteria as for the 
tissue. Theoretically, the smaller the toxicity index the more 
nearly perfect the germicide. An index greater than one indi- 
cates that the germicide is more toxic to the tissue than to the 
bacteria. An index less than one indicates that the germicide is 
more toxic to the bacteria than to the tissue. 

In previous communications (Salle and Lazarus, 1935, a-h) 
comparisons were made of the resistance of Staphylococcus aureus 
and embryonic chick heart tissue to the following germicides: 

1. Phenol (carbolic acid, C»HsOH) 

2. Iodine (L) 

3. Iodine trichloride (I Cls) 

4. Merthiolate (sodium ethyl-mercuri thiosalicylate, CjHs-Hg S- 

C6H4 • COONa, manufactured by Eli Lilly and Company) 

5. Metaphen (the anhydride of 4,nitro-5-hydroxy-mercuri-ortho 

cresol, C2Hj-CHjONOj Hg, manufactured by Dermatological 

Research Laboratories) 

6. Hexylresorcinol (Normal hexylresorcinol, C«H3(OH)*C6His, man- 

ufactured by Sharp and Dohme). 

7. Mercurochrome (The disodium salt of 2:7 dibromo-4-hydroxy- 

mercuri-fluorescein, NaOOC ■ C6H4C : C,H,Br : OC6HBr(ONa) 

I o — ’ I 

HgOH-3HjO, manufactured by Hynson, Westcott and 

Dunning) 

8. Potassium mercuric iodide (KtHgl4) 

9. Mercuric chloride (HgCh) 

The Staphylococcus aureus phenol coefficients and their corre- 
sponding toxicity indices are recorded in table 1. 

When E. typhosa was substituted for S. aureus as the test organ- 
ism a different set of figures was obtained. The germicides fall 
m a different order on the basis of their toxicity indices. The 
results are recorded in table 2. 

- The results show that the simple inorganic compounds rate 
considerably better than some of the newer organic preparations. 
In both series iodine gave the lowest toxicity index while mercuro- 
chrome proved to he the most toxic. 
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TABLE 1 

Toxicity of germicides to chick heart tissue and Staphylococcus aureus 


OBUmClOB 

BXQHBBT 

DILUTION 

SHOWING 

NO TISSUE 
QHOWTH « A 

HIOBB8T 
DILUTION 
8BOWINQ NO 
GBOWTH OF 
BTAPBTLO- 
COCCUS 
AURSUS - B 

Toxiarr 
iNDsx a/b 

8TAPHTLO- 

COCCUS 

AUBXUS 

PBBNOL 

COEFFICIENT 

Iodine 

1:1,800 

1:20,000 

0 09 

308 

Iodine trichloride 

1:2,400 

1:6,000 

0 40 

92 

Mercuric chloride 

1:46,000 

1:16,000 

2 8 

246 

Hexylresorcinol 

1:21,000 

1:7,000 

3 0 

108 

Metaphen 

1:76,000 

1:6,000 

12.7 

92 

Phenol 

1:840 

1:66 

12.9 


Potassium mercuric iodide . ... 

1:12,000 

1:900 

13 3 

13 8 

Merthiolate ... 

1:176,400 

1:5,000 1 

35 3 

70 

Mercurochrome. 

1:10,500 

1:40 

262 0 

0 6 


TABLE 2 

Toxicity of germicides to chick heart tissue and E. typhosa 


OERlfXCXDE 

1 HIGHEST 
DILUTION 
SBOWING 

NO TISSUE 
GROWTH » A 

HIGHEST 
DILUTION 
SHOWING NO 
OllOWTH OF 
B. TYPHOSA 
* B 

TOXiaiT 
INDEX -■ 
A/B 

X. TYPHOSA 
PHENOL 
COEFFICIENT 

Iodine 

1:1,800 

1:24,000 

0 08 

240 

Potassium mercuric iodide 

1:12,000 

1:110,000 

0 11 

1,100 

Mercuric chloride 

1:46,000 

1:180,000 

0 25 

1,800 

Iodine trichloride 

1:2,400 

1:8,600 

0 28 

85 

Metaphen 

1:76,000 

1:90,000 

0 84 

900 

Hexylresorcinol 

1:21,000 

1:7,600 

2 8 

75 

Phenol 

1:840 

1:100 

8 4 


Merthiolate 

1:176,000 

1:5,000 

35 

50 

Mercurochrome 

1:10,600 

1:300 

35 

3 


DISCUSSION 

The determination of the phenol coefficient is not an accurate 
basis for evaluation of disinfectants employed under all condi- 
tions. The method is practical for rating disinfectants to be 
employed for the sterilization of non-living material. On the 
other hand the method fails to take into account the toxicity of 
germicides for living tissues when used internally or on mucous 
surfaces. A more valuable expression would be one based on a 
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combination of the killing power of the disinfectant for bacteria 
with its toxic action toward living embryonic tissue. 

This method gives a figure which is known as the toxicity index. 
The toxicity index is defined as the ratio of the highest dilution of 
disinfectant required to prevent the growth of embryonic chick 
heart tissue during 48 hours to the dilution required to kill a given 
test organism in 10 minutes. 

The toxicity indices are not always proportional to the phenol 
coefficients. Iodine trichloride and metaphen have the same 
phenol coefficient yet metaphen is about 32 times more toxic to 
embryonic chick heart tissue than the iodine compoimd (table 1). 
As a germicide merthiolate is over 100 times more potent than 
mercurochrome but only about one-eighth as toxic to tissue. 

An important conclusion is that the older and simpler germi- 
cides rate considerably higher than the newer and more complex 
compounds. Iodine is one of the oldest germicides known. It is 
usually employed as tincture of iodine, an alcoholic solution, 
which is quite irritating, due to the presence of the alcohol. 
Because of this irritating property the alcoholic solution is grad- 
ually losing favor. In aqueous solution, however, the iodine is 
non-irritating and relatively non-toxic to tissue. It is the most 
ideal of any of the compounds studied when tested by the tissue 
culture technique. 

Of the newer organic preparations examined hexylresorcinol 
gave the lowest toxicity index on Staphylococcus awrms (gram- 
positive), while metaphen gave the lowest figure when tested on 
EbertheUa typhosa (gram-negative). 

The above germicides are being retested in an attempt to 
control some of the more obvious variables. Some of these are, 
(1) temperature, (2) time of action of chemical on bacteria and 
tissue, and (3) presence of organic matter. 
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The first recorded outbreak of meningococcus meningitis in the 
United States was in Medford, Massachusetts, in 1806 (Clymer, 
1872). Records since that time indicate a periodic return to 
epidemic proportions at intervals of approximately ten years. 
Hedrich (1931) has studied reported epidemics and has concluded 
that the interval falls oftenest between 6 and 12 years in length, 
though some localities may miss the wave, showing an interval 
of 20 to 25 years. 

The meningococcus was recognized as the cause of the disease 
by Weichselbaum (1887) but serological differences were not 
noted until the observations of Dopter (1909) and workable clas- 
sifications were not available until the intensive work done during 
the World War by Gordon and Murray (1915) and Nicolle, 
Debains and Jouan (1918). Hence, the relation between the 
epidemic waves of meningitis and the predominance of various 
serological groups of meningococci could be studied only during 
the last twenty years, and it will not be until more decades have 
passed that it can be known whether or not there is regularity in 
the serological changes which occur, and what the epidemiological 
significance of such changes may be. 

This periodicity in return of epidemic conditions can be seen in 
table 1, which gives the total number of cases of meningococcus 
meningitis reported m the United States since 1915.* These 
figures are not absolutely accurate since the number of States 
reporting is not the same for all years. The number of strains of 

* Information obtained from the Division of Sanitary Reports and Statistics, 
United States Public Health Service. 
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meningococci studied at the National Institute of Health for 
those years is also listed in this table. Peaks in incidence of 
cases occurred in 1918, 1929, and 1936. Thus far (March 1, 
1937) there has not been an increased number of caires over 1936. 
The number of cultures of meningococci sent into the National 
Institute of Health for study during the endemic years has been 
small. 

Meningococci that were received during the years 1918-19 and 
1921 and 1922 were studied and reported by Evans (1922) and 

TABLE 1 


Number of cases of meningococcus meningitis reported in the United States for the 
years 1915-1936^ inclusive, and number of strains studied at the 
National Institute of Health during those years 


YBAR 

NTTUBBR 
OF STATBS 
IKCLUDBD 

TOTAL 

CAsas 

tTRAlNB 
BTUniBD AT 
NATIONAL 
INSTITtJTB 
OF HEALTB 

YBAR 

NUMBER 
OF STATE* 
INCLUDED 

TOTAL 

CASES 

STRAINS 
STUDIED AT 
NATIONAL 
INSTITUTE 
OF HEALTH 

1915 

? 

1,403 


1926 


1,700 


1916 

? 

1,748 


1927 


3,001 

4 

1917 

30(?) 

4,705 


1928 

40 

4,996 

67 

1918 

30(?) 

5,749 


1929 

46 

10,561 

89 

1919 

30(?) 

2,417 

/ 00 

1930 

44 

8,384 

82 

1920 

30 

2,258 


1931 

41 

5,518 

26 

1921 

30 

2,002 

27 

1932 

41 

3,102 

19 

1922 

30 

1,527 

14 

1933 

44 

2,913 

7 

1923 

35 

1,606 


1934 

45 

2,500 

10 

1924 

35 

1,223 


1935 

43 

5,736 

91 

1925 

35 

1,253 


1936 

45 

6,528 

299 


those during the years 1927-30 by Branham, Taft, and Carlin 
(1931). The present report discusses especially those strains 
studied since 1930. 

In all of the studies referred to above, the meningococci were 
"typed” according to the Gordon-Mmray (1915) classification. 
In 1918-19 and 1921-22, Evans did this tsrping on the basis of 
standard type cultures received through the ]^kefeller Institute. 
In oiu* own studies of 1927-30 a preliminary typing was done on 
the basis of the% same strains. It is well known that meningo- 
cocci tend to "spQ^ad'* antigenicaUy after more or less long periods 
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of laboratory maintenance and become less type specific, so Dr. 
Gordon’s offer of the dried antigens which he had prepared from 
his original tjrpe strains in 1915 was welcomed. The typing of 
our 1927-30 strains was, therefore, checked with type sera made 
with Dr. Gordon’s original preparations. 

Intensive studies were done with these 1927-30 strains and an 
analysis of their serologic patterns made in comparison with the 
original Gordon-Murray type preparations. On the basis of 
this study, new standard strains were chosen which seemed more 
closely to resemble the original type strains than any others. At 
first these were used in conjunction with the older ones, but as 
these newer strains proved more satisfactory than the old, they 
have been employed as a basis for "typing” ever since. 

Since January, 1931, we have typed approximately 500 strains 
of meningococci. These represent both endemic and epidemic 
years; the number received in each of these years is shown in 
table 1. 

WTien these cultures were first received they were examined for 
purity, their cultural characteristics and fermentation reactions 
were observed, and they were typed. 

Cultural characteristics were typical. The enormous colonies 
noted frequently during 1928-29 vrere not observed in any of the 
strains that came to us during these later years. 

Heretofore it has been our observation that all meningococci 
have ultimately produced acid in glucose and maltose media. 
In the present series there have been four strains Avith which 
fermentation of maltose has not been observed (one of Type I 
and three of Type II), and two strains which have not been 
proved to ferment glucose (both type I) . Acid production is often 
both slij^t and very transient and can be easily overlooked. One 
strain began to ferment glucose after a year in the laboratory, so 
it is possible that these negative strains referred to above will 
ultimately ferment both glucose and maltose regularly. 

Sera for typing were prepared by injection of young rabbits 
with the standard type strains; viz., 331 (I), 173 (II), 302 (HI), 
and 158 (IV). The cultures were grown for 18 hours on 0.5 per 
cent glucose agar slants, suspended in 0.85 per cent saline, diluted 
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to approximately 1,000,000,000 meningococci per cc., and in- 
jected immediately. It has been found by workers in our labora- 
tory® that rabbits respond better to Types I and III if the first 
injection is given intracutaneously. Thus, an initial intracu- 
taneous injection of about 400,000,000 meningococci, followed by 
four intravenous injections on successive days, usually gave a 
satisfactory typing serum. With Types II and IV it was desir- 
able to repeat the series after a week of rest. A brief period of 
immunization usually resulted in sera which were more type 
specific than those obtained by longer immunization, though the 
agglutinin titer was somewhat less high. 


TABLE 2 

Type distribution of strains of meningococci from active cases since 1930 


TXAB 

I 

i-m 

m 

1 AMD xn 

. 1 

” 

IV 

NOT 1 

TYPED 

TOTAL 

STRAINS 


per cent 

per cent 

percent 

percent i 

per cent 

per cent 

per cent j 


1031 

16 0 







25 

1932 

31 0 


37 0 


^1 



19 

1933 

28 5 

14.2 

14 2 


43 0 1 



7 

1934 








10 

1935 

29 6 

27 6 

27 5 i 

84 4 

13 2 


2 2 

91 

1936 


16 1 

3(f0 

89 1 

8 7 


2 7 

267 

All years... . 

37 6 

28 8 

10 5 

86 0 

11 7 


2 2 

409 


Typing was by simple agglutination, the technique used being 
the same as that described by the authors in earlier reports 
(1931). Absorption of agglutinins was not done. It has been 
shown by one of us (Branham, 1932) that Types I and III are so 
closely related that even absorption of agglutinins will not “type” 
some strains. Scherp and Rake (1933, 1934, 1936) have shown 
the specific polysaccharide of these two types to be the same. 
For routine purposes it seems impracticable to spend time in 
trying to separate all sixains of this l-lll group into the two types 
I and III. In these present studies we have designated strains 
as Type I or T'ype III if they seemed definitely to be one or the 

I 

• ' * ObBervatLoiBB made by Pabit and oonfirmed by Pittman. 
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other; but in cases where the overlapping was great we have 
designated them as belonging to group I-III. In table 2, the 
type distribution is shown for each of the years since 1930. The 
results are expressed in percentage, and the total number of 
strains studied during each year is also given. No “carrier 

TABLE 3 


Type II meningococci from active cases since 1930 


TB1.B 

ACTUAL KUlfBSB OF TYP* 11 
STBAINB 

(all typbs) 

TOTAL STBAINB 

1931 i 

1 

25 

1932 

6 

19 

1933 

3 

7 

1934 

4 

10 

1935 

12 

91 

1936 

22 

257 


TABLE 4 

Serological grouping of all strains reported at the National Institute of Health 

since 1918 


YBAB 

NUUBBR OP j 
BTBAINB 

i-in 1 

II j 

IV 

N. FLAVBB- 
CXNB 

NOT IN THBBX 
TYPES 



per cent 

per cent i 

per cent 

per cent 

per cerU 

1918-19 

128 

58.6 

25 8 

2 3 


13 3 

1921 

16 

31.3 

18.7 

6 3 


43 7 

1922 

15 

6 7 


13 3 


80 0 

1928-30 

235 

81 6 

5.5 

7 6 

5 9 


1931 

25 

96 0 

4 0 




1932 

19 

68 0 

32 0 




1933 

7 

57 0 

43 0 


i 


1934 

10 

60 0 

40 0 




1935 

91 

84 4 

13 2 



2 2 

1936 

257 

89 1 

8 7 



2 7 


strains” are included in this table, but only strains from spinal 
fluid or blood. 

The year 1931 may be considered the end of the epidemic 
period which began in 1928, and the year 1935 represents a re- 
turn of epidemic conditions. During the endemic years of 1932, 
1933, and 1934 the percentage of Type II strains in cases of 
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meningitis studied rose from 4 per cent in 1931 to 32.0 per cent 
in 1932, and 43.0 per cent and 40.0 per cent in 1932 and 1933, 
respectively, falling to 13.2 per cent when epidemic conditions 
returned in 1935. The actual number of cases studied during the 
endemic years was very small, but the fact that so many of them 
proved to be of Type 11 seems to be not without significance. 
Table 3 shows the actual number of Type II strains identified 
during these years. The slight increase in number during 1935 
and 1936 seems insignificant when compared with the increase in 
the total number of strains studied. 

Table 4 shows the type distribution of all meningococci re- 
ported from the National Institute of Health since 1918. Ref- 
erence to this table indicates that Type II, which was abundant 
in the 1918-19 epidemics during the World War, has played a 
very insignificant r61e in the United States during the last two 
epidemic waves, and that Type IV seems to have dropped out of 
the picture altogether. The epidemic conditions occurring dur- 
ing these years have been due almost entirely to a very great in- 
crease in the I-III group of meningococci. 

In table 2 the total number of strains in the I and III group is 
expressed as a whole in the fifth column. These are subdivided 
into I, I-III, and III, in columns two, three, and four. This 
analysis shows that the Type III strains were predominant at the 
end of the epidemic of 1928-31, comprising 64 per cent of all 
studied. During 1935, the first year of the latest epidemic wave, 
there was approximately an equal number of I strains. III strains, 
and strains which we designate as I-III because they were agglu- 
tinated equally well by both I and III type serums. During 1936 
there was a steady shift in serological pattern toward Type I, 
and this trend has been even more marked among the meningo- 
coccus culturas received to date during the first two months of 
1937.» 

Of the total strains reported in this paper, only 20 are known 
definitely to have been isolated from blood; 16 of these fell into 

* Of 34 strains studied in these last two months, 20 (or nearly 60 per cent) 
have been of Type I; 6 (or 13:7 per cent) have beien of Type III; 6 (or 17.6 per 
.cent) have been of 1-tll: and 3 (or 8.8 per cent) of Type 11. 
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the I-III group, and 4 were of Type II. These Type II strains 
comprised 20 per cent of the strains from septicemic cases without 
meningeal involvement, which is a high proportion when the low 
number of total Type II strains is considered. 

It has seemed best to consider the 42 carrier strains separately, 
since most of these were obtained under circumstances which made 
them not comparable to those from active cases. All except one 
of these 42 nasopharyngeal strains were received by us during the 
spring of 1936. Five were found among the contacts of active 
cases of meningitis in a CCC camp. Thirty-four were isolated 
during a carrier survey made in the same camp a few days later. 
The other three were from people in scattered localities who were 
in contact with active cases. The results of typing these strains 
may be seen in table 5. The predominance of Type II strains 
among these carriers gives support to the impression gained by 


TABLE 5 

Types of strains of meningococci found in carriers 


i 

ni 

n 

MOT IN KNOWN 
TYPNS 

TOTAL NUMBXB 

9 (21 4%) 

3 (7.1%) 

24 (67%) 

6 (14%) 

42 


Gordon and Murray (1915) and by Scott (1918) during the World 
War that Type II was more common among carriers than among 
active cases. A similar preponderance of Type II among carrier 
strains has been found by Rake (1934). The 24 Type II strains 
reported in table 5 were all found among the 35 strains obtained 
in the carrier survey made in the CCC camp; all strains obtained 
from persons in contact with active cases were of the same type 
as those isolated from the patients, none of whom were infected 
with Type II organisms. 

DISCUSSION AND SUMMARY 

Records of the occurrence of meningococcus meningitis in the 
United States since the first reported outbreak in 1806 indicate 
that this disease has a tendency to reach a peak in incidence at 
intervals which approximate 10 years. 
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A correlation of these increases in incidence with the serological 
classification of the meningococci involved has been possible only 
during the last 20 years or so — a period which involves three 
recrudescences in which the disease reached epidemic proportions. 

Serological studies of the meningococci received at the National 
Institute of Health have been reported for the periods 1918-22 
and 1928-30. In the present report those strains received since 
1930 are described. 

During the years 1931-36 four hundred and fifty-one strains of 
meningococci have been typed according to the Gordon-Murray 
classification. As found in previous studies, Type I and Type 
III are so closely related that it is often unprofitable to attempt to 
separate them; every possible intergradation seems to occur. 
Many strains have been definitely I or definitely III, but others 
have been agglutinated equally by both I and III sera. Absorp- 
tion of agglutinins has not been done with these strains except for 
purposes of special research. For routine work this technique 
has seemed to be a waste of time. Such strains have been classi- 
fied as I-III. In most of the tables included in this report we have 
grouped all I and III strains together as I-III, but in table 2 this 
group has been resolved into I, III, and I-III, in order that the 
present trend in changing serological pattern of prevalent strains 
from Type III (1931) to Type I (1936) may be seen. 

For practical purposes we may consider that we have met two 
groups of meningococci during the last decade; viz., groups I-III 
and II. We have encountered no strain of IV or of Neisseria 
flavescem, both of which played an important r61e in Chicago in 
1928. Study of the five tables included in this report will show 
that the I-III group of meningococci has been responsible for 
most of the active epidenoic cases. Type II has been more fre- 
quently found in carriers, and its relative incidence in cases has 
been greater during the endemic years. 

Whether Type II is to be considered as generally less virulent 
than the meningococci of the I-III group, or whether this minor 
r61e which it semns to play in our present epidemics is merely 
characteristic of this last decade, can only be determined in the 
future. 
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CONCLUSIONS 

In this report, 409 strains of meningococci from spinal fluid 
and blood of persons with meningococcus infection, and 42 strains 
from carriers, received since 1930, have been “typed” according 
to the classification of Gordon and Murray. Of the strains from 
active cases, 352 (or 86.0 per cent) fell into the I-III group 
(including types I and III, and strains agglutinated equally well 
by both serums); 48 (or 11.7 per cent) were of Type II. 

Of 42 carrier strains, 24 (or 57.0 per cent) were of Type II, and 
12 (or 28.5 per cent) were of group I-III. Of these twelve I-III 
strains, 8 were from individuals who were in immediate contact 
with cases due to that type of meningococcus. 

Apparently Type II has been relatively unimportant as a cause 
of epidemic meningitis in the United States during the last dec- 
ade. On the other hand, the prevalence of Type II strains among 
the carriers studied, and the relatively greater occurrence of this 
type in active cases during the endemic years of 1932 to 1935, 
throws some light on the possible significance of this group. 

It is impossible to judge at this time whether the epidemio- 
logical differences noted between groups I-III and II are a rule, 
or if they are an accident of this decade. 
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Experimental evidence has established the fact that with few 
exceptions bacteriophages are absorbed by susceptible bacteria, 
either living or dead, (d’Herelle, 1920; Bail and Okuda, 1923; 
Prausnitz and Firle, 1924; Burnet, 1930). Exceptions have been 
noted by Flu, 1923; Gohs and Jacobson, 1927 ; Levine and Frisch, 
1934 ; Burnet, 1934 ; and ourselves. The studies of Burnet (1929- 
34) have demonstrated that absorption of phage is largely deter- 
mined by the nature of the surface antigens of the bacterial cell. 
This concept has been strengthened by recent investigations 
dealing with bacterial extracts, first reported by Levine and 
Frisch (1933- 34). Extracts prepared from susceptible bacteria 
have the power of inactivating phage, while those of lyso-resistant 
strains lack this property. The majority of reports dealing with 
phage absorption or inactivation have resulted from evidence 
obtained by a study of the enteric group of bacteria and their 
phages. 

Staphylococcus phages behave in a similar manner toward 
susceptible cultures and extracts derived from them, (Rakieten, 
et al., 1936). However, toward such agents as serum and white 
blood cells staphylococcus phages in general differ from those 
attacking the Gram-negative organisms in that they are rendered 
inactive to a varying degree. This so-called non-specific absorb- 
ing power of body fluids and exudates for staphylococcus phages 
may be modified to a point of practical extinction by a method 

^ Presented in part at the annual meeting of the Society of American Bacteriol- 
ogists, December 1936, New York City. 
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entailing adaptation of staphylococcus phage to serum (d’Herelle 
and Rakieten, 1935). Staphylococcus phages also differ from 
coli and dysentery phages in that they may be absorbed by or- 
ganisms other than susceptible cocci, namely bacteria belonging 
to the subtilis group. Such organisms as far as can be deter- 
mined are not affected by their contact with staphylococcus 
phages; the phage corpuscular count, however, is diminished 
enormously. No absorbing action, on the part of these Gram- 
positive bacilli, was ever demonstrated against coli, dysentery, 
proteus, or streptococcus phages. The present study deals with 
the staphylococcus-phage-absorbing ability of certain members 
of the subtilis group and a discussion of the mechanism respon- 
sible. 

In 1933 a tube of polyvalent staphylococcus phage became 
contaminated while standing on the laboratory table. On 
refiltering, the previously active phage was without l 3 dic or 
plaque-producing power. The contaminant was an actively 
motile, large. Gram-positive rod. In Savita broth a slight tur- 
bidity and a firm wrinkled pellicle develops in twenty-four hours 
at 35°C. The same characteristics are noted when the organism 
is allowed to grow at room, temperature. Gelatin is liquefied 
actively, and hemolysis is produced on blood agar plates. On 
Savita agar the organisms produce dark brown to black colonies, 
and over a varying period of time the pigment diffuses into the 
agar, coloring it brown. The colonies are flat, dry, and wrinkled, 
though, very infrequently there have developed black, raised, 
and mucoid colonies. Associated with this temporary change 
there has been a decrease in the phage-absorbing quality of the 
organism. Central spores may be observed when growth occurs 
after twenty-fo\ir hours at incubator temperature in meat-extract 
peptone broth and on Savita agar, but in Savita broth spores 
appear only after several days incubation. This particular strain 
of B. subtilis (niger) hereafter designated as strain C3 has been 
studied with regard to its staphylococcus-phage-absorbing ability. 
While we have isolated 27 other strains belonging to the subtilfe 
group and examined them for phage absorbing power, to a large 
extent our interest has centered on culture C3. £bq)eriments 
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with the few other subtilis strains that possess this character 
lead us to believe that a mechanism similar to that of strain C3 
is responsible for this action. 

EXPERIMENTAL 

Absorption of staphylococcus phages Iry strain C3 

To tubes of broth (approximately 10 cc.) 0.1 cc. of a twenty- 
four-hour culture of strain C3 and 0.25 cc. of bacteriophage were 
added. The tubes along with proper controls were incubated at 
35°C. At frequent intervals tubes containing culture and phage, 
as well as tubes containing phage alone were filtered through L5 
C'hambcrland candles, in an effort to find out at what period dur- 
ing the growth of the culture phage absorption occurs. Portions 
of the filtrate w’ere layered over segments of agar plates that 
previously had been seeded with a susceptible culture of staphy- 
lococcus. After proper incubation the plates were counted for 
plaques. The protocol in table 1 summarizes the results obtained 
when strain C3 was tested for its phage-absorbing ability when in 
contact with three polyvalent staphylococcus phages. 

In each instance it may be observed that there is a drop in 
corpuscular count of staphylococcus phage after addition to a 
tube containing strain C3. As bacterial multiplication begins, 
certainly within the third hour, a continued decrease in phage 
elements takes place until, within a relatively short period after 
growth may be observed macroscopically, the phage titer drops 
to such an extent that in the dilutions noted no plaques are 
demonstrable. Under the same conditions, however, control 
tubes of phage alone show little if any fluctuation in titer. Re- 
peatedly, filtrates of phage and culture mixtures were tested for 
evidence of phage on several other susceptible cultures of staphy- 
lococci by the cross test (Asheshov, 1933), without positive 
indication of lysis. 

Since it appeared that a relation existed between bacterial cell 
numbers and reduction in bacteriophage corpuscle count (con- 
trols showed that this wsis not associated with a significant change 
in pH) one should be able to demonstrate this almost immedi- 
ately, providing sufficient bacterial cells are added to a bacterio- 
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phage. The following experiment was carried out to test this 
assumption. A twenty-four-hour broth culture of strain C3 was 
centrifuged at high speed for thirty minutes. The supernatant 
fluid (7.5 cc.) was removed and the sedimented bacteria resus- 
pended in the same volume of Savita broth. To this was added 
0.25 cc. of staphylococcus bacteriophage M13. Similar amounts 
of phage were added to the supernatant and a control tube of 
broth. All tubes were shaken vigorously for a few minutes and 
then filtered through L5 C'hamberland candles. A dilution of 
10“* of each filtrate was then overlayed on an agar-plate culture 

TAHLE 1 


Plaque count after layering a dilution of 10~^ of each filtrate on susceptible culture 
Staphylococcus aureus Vnt, 



IMMBDIATELr 

30 

MINUTES 

1 HOUB 

3 HOUBS 

5 BOUBS 

24 HOUBS 

C3 plus Bp. M13 

175 

201 

256 

112 

6 

0 

Control Bp, M13 

600 (cfl.) 

cfl. 

cfl. 

cfl. 

cfl. 

cfl. 

C3 plus Bp. P.G 

197 

142 

211 

17 

0 

0 

Control Bp. P.G. . . . 

414 

449 

394 

N.T. 

401 

408 

C3 plus Bp. Lrk 

206 

115 

111 

185 

80 

0 

Control Bp. Lrk. 

cfl. 

458 

417 

489 

cfl. 

cfl. 

C3 control (growth in 







tube-macroscopic) . . 

— 

— 

— 

± 1 

+=fc 

+++ 


cfl. *» plaques confluent; — = no evidence of growth; +4'+ “ slight turbidity 
with pellicle; N.T. « not tested. 


of susceptible staphylococci. After an incubation period of 
eighteen hours the plates were observed for evidence of plaques. 
The results are indicated in table 2. 

The results of many experiments carried out in the manner 
described above with four staphylococcus phages lead us to 
believe that a relationship does exist between actual numbers of 
bacterial cells of strain C3 and its capacity for absorbing staphy- 
lococcus phages. These results also compare favorably with 
those summarized in table 1. The supernatant of a twenty-four- 
hour broth culture has no phage-binding power, under the condi- 
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tions described. However, since the supernatant is not bacteria- 
free a marked absorption of the phage added to it occurs after 
appropriate incubating intervals, when growth is observed 
macroscopically. 

When undiluted filtrates of mixtures of phage and culture C3 
were tested on susceptible strains of staphylococci (dilution being 
resorted to for accuracy in counting) complete absorption of 
phage was never observed, there remaining approximately 3 to 
5 per cent of the original number of phage corpuscles. Andrewes 
(1934) in a report dealing with the action of anti-phagic serum 
stated that it was possible to absorb only 95 per cent of the total 
number of phage corpuscles. We have been able to corroborate 
this interesting finding. Methods involving only the use of broth 
cultures would fail to show that any phage remained unneutral- 
ized, and it is specifically by the use of a method involving plaque 


TABLE 2 


FBAQB M13 IN CONTACT WITH 8TBAIN C3 FOR TWO MINUTM 


PLAQUB COUNT 


Resuspended 24-hour culture of strain C3 plus 0.25 cc. of Bp. M13 
Supernatant of above suspension plus 0.25 cc. of Bp. M13.. 
Savita broth plus 0.25 cc. of Bp. M13 


0 

197 

181 


demonstration that such unneutralized corpuscles may be de- 
tected. It appears that the absorption by strain C3 is compa- 
rable to that reported for neutralization by anti-phagic serum. 

Filtrates of cultures C3 incubated from periods varying from 
24 hours to 27 days lack the ability to diminish staphylococcus 
phage counts. Unfiltered 20-day-old autolysates also fail to 
reduce the titer of staphylococcus phages. Spore suspensions 
have no apparent effect on these same phages, but with the 
germination of the spores and the subsequent increase in cell 
numbers one observes the diminution in plaque count. 

The ability of strain C3 to absorb staphylococcus phages is not 
lost when this culture is subjected to autoclaving at 16 pounds for 
15 minutes. An agar slant culture was suspended in 5 cc. of 
saline, and this suspension was autoclaved. A series of tubes 
containing equal amounts of phage and progressively increasing 
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amounts of autoclaved bacterial cells were set up and incubated 
for 20 hours at 35°C. A dilution of 10~* of each mixture withoiU 
filtering was overlayed on a susceptible culture, and after incuba- 
tion the plate was read for evidence and numbers of plaques. 
Table 3 gives the results obtained. 

One may show absorption of staphylococcus phage by the use 
of dead bacterial cells providing attention is paid to the number 
that are utilized. The principle in the cells responsible for this 
absorption is heat stable. In a study dealing with the absorption 
of staphylococcus bacteriophages by heat-killed susceptible 
strains of staphylococci and extracts derived from these strains 
Rakieten et al. (1936) also demonstrated that the absorbing 
qualities of such cultures and extracts were not impaired on 
autoclaving at 15 pounds for 15 minutes. 

Strain C3 and twenty-one other strains belonging to the sub- 
tilis group have been tested for their ability to absorb several 
races of coli, dysentery, proteus and streptococcus phages. No 
evidence of reduction in corpuscular count was ever obtained, 
even though some of these phages remained in contact with these 
cultures for 72 hours. Furthermore, susceptible cultures of 
Escherichia coli and Salmonellq, dysenteriae placed in broth contain- 
ing proliferating cells of any of these twenty-one strains of Bacillus 
subtilis are completely lysed by their respective phages, the result- 
ing growth being a pure culture of Gram-positive rods. One can 
not however, prevent the absorption of staphylococcus phages by 
culture C3 by adding to this mixture an excess of coU, dysentery 
or streptococcus phages. 

All attempts to release and demonstrate staphylococcus phage 
following absorption by strain C3 have failed. The following 
methods have been employed to show any evidence of phage that 
might be released. 

1. Use of an indicator strain. This consists in touching, as is 
done in the cross test (Asheshov, 1933), several strains of sus- 
ceptible staphylococci streaked on an agar plate, with a tiny loop- 
ful (loop 1 mm. diameter) of a mixture containing culture C3 and 
absorbed phage. This method which does not employ filtration, 
when positive, and small quantities of phage are present, is indi- 
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cated by a clear zone of lysis on the susceptible strains around 
the growth of the superimposed contaminating culture. This 
method is often utilized to determine whether colonies of second- 
ary cultures are free of bacteriophage. No evidence of bacterio- 
phage was obtained when cultures of C3 which had absorbed 
staphylococcus phages were tested by this method. 

2. The addition of a siisceptible culture of staphylococci to a cul- 
ture of CS following absorption of a bacteriophage. All attempts to 
show that the added culture of staphylococci had been in contact 
with phage and therefore resistant, or partially so, were negative. 

3. A culture of strain C3 which had absorbed bacteriophage 
was spun in the centrifuge at 3000 r.p.m. for three hours; the 


TABLE 3 

Absorption of bacteriophage MIS by autoclaved culture of strain CS 


▲MOUNT OF AUTOOLAVE 
CULTUnS 

ADDED TO 6 CC, OP BBOTH 

AMOUNT OP Bp. M13 ADDED 

PLAQUE COUNT— SUSCEPTIBLE 
CULTUBB P« 

! 

CC. 

CC. 


0 1 

0 25 

194 

0 2 

0 25 

196 

0 5 

0 25 

182 

0 7 

0 25 

161 

1 0 

0 25 

31 

2 0 

0 25 

0 

0 

0 25 

Over 500 


supernatant and the sediment were then tested for any trace of 
phage by a plaque method. No positive evidence of any dis 
union of phage was ever obtained. 

4. Attempts to produce anti-staphylococcus bacteriophagic serum 
by injecting rabbits with cultures of strain CS and absorbed phage. 
It was thought that if, in such a mixture, any bacteriophage naight 
be liberated irirvivo, an antibody response to such release phage 
might be obtained. No significant increase over the naturally 
occurring anti-staphylococcus bacteriophagic principle in the 
serums (average 1:60) was obtained by this method. 

5. Subjecting to lysis a culture of strain CS which had absorbed 
staphylococcus bacteriophage. An extremely active and specific 
bacteriophage for strain C3 was isolated from sewage in 1934. 
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An entire broth culture of this organism which had absorbed 
phage was lysed, and the filtrate, lysate, or both were tested 
against several susceptible cultures of staphylococci. All at- 
tempts by any method at our disposal failed to reveal that any 
staphylococcus phage had been obtained from the dissolved cul- 
ture. On two separate occasions it appeared that indications of 
phage incompatability were discovered. In tubes in which 
equal quantities of staphylococcus and subtilis bacteriophages 
were placed we observed a complete loss of the staphylococcus 
phage, whereas the controls containing only the same quantities 
of each phage were unchanged. Asheshov (1933) has also de- 
scribed instances of phage incompatability. 

During the past three years 27 strains of Gram-positive spore- 
forming bacilli (aerobic), belonging to the subtilis group have 
been isolated from agar plate contaminations. Only one of these 
contaminants, a strain of Bacillus mycoides has in any way been 
able to absorb staphylococcus phages. We have also studied 31 
strains of organisms belonging to the subtilis group, which were 
obtained from Dr. L. F. Rettger’s department at the Yale Uni- 
versity School of Medicine. From this group, three cultures of 
B. subtilis and one strain of Bacillus cereus, partially diminish 
the plaque count of staphylococcus phages, and two strains, nos. 
8, and 79 {B. subtilis) are as capable of absorbing staphylococcus 
phages as strain C3. The remaining 25 strains lack any demon- 
strable staphylococcus phage-absorbing power. Altogether 58 
strains, noted above, and four others including Pseudomonas 
aeruginosa, and Bacillus pseudotetanicus have been tested for any 
capacity to inactivate coli, dysentery, proteus and streptococcus 
phages. No diminution in plaque count of these phages was ever 
observed. 

It appeared therefore, that we were dealing with another 
example of so-called non-specific bacteriophagic (staphylococcus) 
absorption. It is well known that staphylococcus phages are, 
or appear to be, rendered inactive by a variety of non-specific 
substances. Shortly after the appearance of the reports by 
Levine and Frisch (1933 34) and Burnet (1934) dealing with 
phage inactivation by extracts of susceptible cultures of bacteria, 



STAPHYLOCOCCI AND BACILLI OP 8UBTILI8 GROUP 293 


we prepared extracts of culture C3 and two other staphylococcus 
phage-absorbing strains of B, subtilis by the method of Burnet, 
in order to determine whether such extracts would act towards 
phage in the same manner as those prepared from strains of 
susceptible staphylococci (Rakieten, et al., 1936). Extracts 
prepared in this fashion lack any phage-inactivating power, 
either towards staphylococcus phages or toward phage for 
strain C3. 

Our experience with phage has led to the view that only rarely 
are so-called non-specific factors responsible for phage absorption. 
In his early studies with phage d’Herelle maintained that there 
was a definite relation between susceptible bacterial protoplasm 
and phage absorption. The recent studies with bacterial ex- 
tracts of susceptible cultures, noted above confirm this viewpoint. 
It seemed logical therefore to assume that subtilis cultures that 
have the ability to absorb staphylococcus phages have in their 
antigenic constitution a factor similar to that of susceptible 
staphylococci. The demonstration of such a principle, by sero- 
logical means might serve to explain the reason for phage absorp- 
tion. This antigenic component, acting in much the same man- 
ner as susceptible staphylococcus protein with regard to phage 
absorption, ought to be detectable in properly prepared anti- 
serum. Antigenic relationships of widely removed species of 
bacteria have been demonstrated by Lancefield (1925), Julianelle 
(1926), and Sugg and Neill (1929). 

Young white rabbits were immunized with living cultures of 
subtilis strains C3 and no. 8 (three with C3; two with no. 8). 
Prior to the initial injection, these five rabbits were bled from the 
heart and their serums tested for the presence of natural occurring 
agglutinins for eight strains of B. subtilis, in which were included 
strains C3 and no. 8. No agglutinins were detected in titers 
from 1 : 10 to 1 : 320. However, all five serums had some naturally 
occurring agglutinins for our susceptible strains of staphylococci 
in dilutions ranging from 1 : 10 to 1 :40. After a six weeks course 
of immunization the animals were bled and agglutinations were 
done on the homologous strains as well as on several other strains 
of B. subtilis and staphylococci. The results are recorded in 
table 4. 
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Both antiserums agglutinate homologous antigen to a fairly 
high titer. Anti-C3 serum in addition also agglutinates several 
other members belonging to the subtilis group (B. subtilis Mar- 
burg, no. 81, air no. 1, and B. mycoides Rhgld). However, while 
these strains appear to have agglutinins similar to strain C3, as 
demonstrable above, the very active phage against strain C3 has 


TABLE 4 


ATRA1N 


1 50 1 100 


1 200 


1 400 


1.1600 


1.32000 


Agglutinative power of rabbit serum (pooled) anti-JE?. subtilis 8 


B, subtilis No. 8 

4 

4 

4 

4 

4 

4 

2 

B. subtilis C3 

4 

4 

4 

2 

1 

0 

0 

B. subtilis Li6 

0 

0 

0 

0 

0 

0 

0 

Staph, alb. V 

4 

4 

4 

4 

1 

0 

0 

Staph, aur. Vnt 

0 

0 

0 

0 

0 

0 

0 


Agglutinative power of rabbit serum (pooled) anti-.E?. subtilis C3 


B. subtilis C3 

4 

4 

4 

4 

4 

4 

4 

B. subtilis 81 

4 

4 

4 

4 

4 

4 

0 

B. subtilis 8 

0 

0 

0 

0 

0 

0 

0 

B. subtilis air No, 1 

4 

4 

3 

0 

0 

0 

0 

B. subtilis Marburg 

4 

2 

1 

0 

0 

0 

0 

B. subtilis Jordan 

0 

0 

0 

0 

0 

0 

0 

B, subtilis Novy 

0 

0 

0 

0 

0 

0 

0 

B. subtilis N. Y. No. 82 

0 

0 

0 

0 

0 

0 

0 

B. subtilis C9 

0 

0 

0 

0 

0 

0 

0 

B. mycoides Rhgld 

2 

2 

3 

0 

0 

0 

0 

Staph, alb. V ... 

4 

4 

4 

3 

1 

0 

0 

Staph, aur. Grazl 

2 

1 

0 

0 

0 

0 

0 

Staph, alb. Grazl 

4 

4 

4 

0 

0 

0 

0 

Staph, aur. Vnt 

4 

3 

3 

1 

0 

0 

0 

Staph. Qec. (resistant) 

0 

0 

0 

0 

0 

0 

0 

Staph. Grnspan (resistant .... 

0 

0 

1 0 

0 

0 

0 

0 


4 « complete agglutination; 0 no observable agglutination. 


no action whatsoever on these same strains. Nor is the anti- 
C3 phage absorbed to any degree when placed in a medium in 
which any of these serologically related strains are proliferating. 
The serum containing anti-no. 8 antibody is able, to a fair degree, 
to agglutinate subtilis 03, but a reciprocal action is not demon- 
strable by the anti-C3 serum toward subtilis no. 8. 
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Both anti-subtilis serums also possess agglutinins increased 
to a significant degree over those found naturally for phage-sus- 
ceptible strains of staphylococci. These staphylococcus cultures, 
as well as extracts prepared from them, will absorb the same 
staphylococcus phages that are absorbed by subtilis cultures C3 
and no. 8. Neither of the two phage-resistant strains of staphy- 
lococci are agglutinated by these anti-subtilis serums. While it 
may be assumed that during the course of immunization with 
subtilis cultures the naturally occurring staphylococcus agglutinins 
are also stimulated, this criticism is not entirely w^arranted be- 
cause of the fact that the phage-resistant strains of staphylococci 
are not affected; especially since sera prepared against some of 


TABLK 5 


1 100 


BE RUM DILUTIONS 

1 200 I 1 400 


1 800 


(a) Anti-subtilis serum (C3, diluted 1 :.t 0) absorbed with Staph. Vnt. 


Absorbed serum with Staph. Vnt . 

0 

0 

0 

0 

Absorbed serum wdth B. subtilis C3.., . 

4 

1 

4 

4 

4 

(b) Anti-subtilis serum (C3, diluted 1:50) absorbed with B. sublilis C3 

Absorbed serum with Staph. Vnt . ... 

0 

0 

0 

0 

Absorbed serum wdth B. subtilis C3 — 

0 

0 

0 

0 


4 •= complete agglutination; 0 = no agglutination. 


our phage-susceptible strains of staphylococci do agglutinate these 
resistant strains. Also, sera prepared against the resistant strains 
will also agglutinate phage-susceptible cultures. In this instance 
agglutinogenic similarity is not entirely associated with phage 
susceptibility as Burnet (1933) points out. On the basis of the 
above results there appears to be some justification for concluding 
that there is a correlation between the staphylococcus phage- 
binding power of certain members of the subtilis group of bacilli 
and the ability of these same strains to produce agglutinins for 
phage-susceptible strains of staphylococci. It appears that in 
the antigenic components of these strains there is a staphy- 
lococcus-like stimulant, and that this heterogenetic antigen be- 
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haves under certain conditions like staphylococcus substance so 
that it may be detected by the absorption of staphylococcus 
phages. 

That the staphylococcus agglutinins in the serums are the 
minor ones may be proven by an agglutinin absorption method. 
The results set forth in table 5 indicate what takes place when an 
anti-subtilis serum is absorbed with Staphylococcus aureus Vnt 
and B. subtUis C3. 

A relationship between strain C3 and susceptible cultures of 
staphylococci may also be demonstrated by placing the phage 
active against this strain of B. suhtilis in a medium containing 
an actively growing culture of susceptible staphylococci. Under 
these conditions a considerable amount of this subtilis phage is 
absorbed in much the same manner as the staphylococcus phages 
are absorbed by an actively growing culture of strain C3. No 
evidence of subtilis phage absorption has as yet been obtained 
when lyso-resistant strains of staphylococci were utilized. 

DISCUSSION 

In general, bacteriophages regardless of type tend to become 
absorbed by susceptible protoplasm (bacterial), either living, 
heat-killed, or in the form of a watery extract. Staphylococcus 
phages, in particular, while they also conform to the general 
principles stated above, in addition may also be absorbed by such 
cellular elements as yeast and white blood cells (d’Herelle and 
Rakieten, 1935). That white blood cells may also take up other 
viruses has been recorded by Douglass and Smith, (1930), Daub- 
ney (1928) and Schein (1917). Coli bacteriophages as well as 
other phages acting especially on the enteric group of bacteria 
are scarcely affected when allowed to remain in contact with leu- 
cocytes. Lysis of susceptible E. coli readily occurs by bacterio- 
phages in concentrations of pus that have a definite inhibitory 
effect on staphylococcus phages. 

Bacteriophages attacking staphylococci are also absorbed and 
inactivated irreversibly by certain bacteria not ordinarily re- 
garded as related to staphylococci. These organisms, described 
in the present report, are members of the subtilis group. It is 
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believed that some portion of their antigenic constitution re- 
sembles that of susceptible staphylococci, and that it is this factor 
which is responsible for their staphylococcus-phage-absorbing 
quality. This factor also resembles the factor responsible for 
phage absorption by susceptible staphylococci in its heat sta- 
bility. Finally this factor is able to stimulate formation of an 
antibody that reacts with susceptible staphylococci, and may be 
identified by serology. 

It is becoming more and more evident that bacteriophages are 
useful agents in the detection of antigenic differences in closely 
allied strains of bacteria (Leveine and Frisch, 1934, Burnet, 1934, 
Oaigie, 1936, Almon and Stovall, 1936, and Sertic, 1936). The 
present report indicates the usefulness of bacteriophage in de- 
tecting antigenic similarities in strains widely removed from each 
other. 

Union between phages and susceptible bacterial protoplasm, 
irrespective of the state in w'hich it is presented (living, heat- 
killed, or in the form of an extract) takes place very rapidly at 
incubator temperature, the largest proportion of phage being 
taken up in less than thirty minutes. Once the phage has been 
absorbed it is difficult, under ordinary conditions, to effect any 
release. In all instances where staphylococcus phages have been 
absorbed by strains of B. subtilis all of the several methods 
utilized to free absorbed phage failed to show that any lytic agent 
had become disunited. 

Burnet in a series of reports (1929-33) dealing with phages 
attacking bacteria of the enteric group has showm that a relation 
exists between the heat-stable agglutinogenic constitution of 
these bacteria and their susceptibility to phage. With regard 
to the phage isolated for B. subtilis C3 this relationship does not 
hold, since organisms that have agglutinogens in common with 
strain C3 are not attacked by this phage, nor is this phage ab- 
sorbed by placing it m contact with any of these related cultures. 
However, it is not our purpose to conclude on the basis of the 
results with one phage that a relation in the subtilis group does 
not exist that is comparable to that in the Salmonella group as 
described by Burnet. 
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Our failure to demonstrate that extracts of culture C3 are able 
to inactivate staphylococcus phages may be due to the fact that 
the methods used to prepare such extracts were faulty. Extracts 
so prepared had no phage-inhibiting action toward the homolo- 
gous subtilis phage. 

From a practical standpoint the results described may be of 
some value in explaining the failure to find staphylococcus phages 
in sources that are rich in coli and dysentery bacteriophages. 

CONCLUSIONS 

1. Staphylococcus bacteriephages are absorbed by living or 
heat-killed cultures of bacteria belonging to the subtilis group. 

2. The bacilli are not influenced by their contact with staphy- 
lococcus phages. 

3. Absorbed bacteriophage can not be detected, even after 
lysis of the absorbing strain. 

4. Coli, dysentery, proteus, and streptococcus phages are not 
affected by contact with these same strains. 

5. There appears to be an antigenic relationship between strains 
of Bacillus subtilis that are capable of absorbing staphylococcus 
phages, and phage-susceptible strains of staphylococci. 

6. Phage-susceptible strains of staphylococci also absorb a 
subtilis phage. 

7. Bacteriophage may be a very valuable aid is studying the 
antigenic composition of bacteria. 
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Associations of typhoid or paratyphoid bacilli with Escherichia 
coli have been studied by many workers for the light they might 
throw on the pathogenesis of enteric fevers and for their connec- 
tion with the laboratory problem of isolating the intestinal patho- 
gens from feces. The general history of our knowledge of bac- 
terial associations has been reviewed by Seitz (1927) and by Hol- 
man (1928). There will be cited here only a few papers dealing 
with associations of the species mentioned. 

An early study was that of Chatter jee (1909), who noted that 
typhoid and paratyphoid bacteria failed to multiply when inocu- 
lated into media previously seeded with colon bacilli. 

Space does not permit more than the mention of the work of 
van der Reis (1923), Mazzeo (1926), Broom (1929), Vignati 
(1926) (1928), Dimitrijevic-Speth (1930), Schilling and Califano 
(1930), and Peretz and Slawsky (1933). 

Nissle (1916) introduced a small inoculum of colon bacilli into 
a rapidly growing broth culture of typhoid bacilli, incubated 
overnight, and streaked out the mixture on Endo plates. The 
colonies of each species were counted in suitable areas on the 
plates and the result expressed as the number of typhoid per 100 
colonies of colon bacilli. This ratio Nissle termed the "antago- 
nistic index” of the association. Prell (1919), Worpenberg 

* This paper represents part of a thesis submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, Brown University, 1935. 

• Present address, Department of Bacteriology, Saint Louis University School 
of Medicine. 


301 



302 


Macdonald fitlton 


(1924), Pfalz (1926), Tey (1927), Hashimoto (1927) and Koch 
and Kramer (1931) are among the many who have followed 
Nissle’s method, although often introducing modifications. 

Wikullil (1932) (1934) considered the problem in the light of 
Bail’s (1929) work on the factors controlling the size of bacterial 
populations. Bail had pointed out that the growth curves of 
many species of the colon-typhoid and other groups exhibited a 
characteristic maximum cell concentration point. Wik ullil 
suggested that this characteristic maximum munber might in 
some manner determine the behavior of the strains in an associa- 
tion. 

A somewhat different approach was made by Etinger-Tulczy- 
nska (1932) (1934), and Neufeld and Kuhn (1934). These work- 
ers considered that the controlling factor in antibiosis was the 
ratio between the two species which was established at the time 
of inoculation. This they termed the “minimum inhibitory 
ratio.” If two strains were seeded into a medium in proportions 
which equalled or exceeded this ratio, the more numerous strain 
always rapidly suppressed the other. 

Many theories have been offered to account for the phenome- 
non of antibiosis. One of the oldest was the theory that more 
or less specific “excretory products” were produced by the 
stronger organism in order to destroy the weaker. Hashimoto 
was inclined to favor this explanation. Broom believed that 
exhaustion of essential food materials by the stronger strain was 
the cause of antibiosis. Mazzeo and several others attributed 
inhibition to unfavorable changes in the pH of the medium. 
The whole question of the “isoantagonism and heteroantago- 
nism” of culture filtrates is closely related to the problem of what 
mechanism underlies antibiotic action, but for the sake of brevity 
this aspect of the subject is not reviewed here. 

Worpenberg held that antibiosis depended on the relative vigor 
of growth of the associants. Pfalz attributed antibiosis to differ- 
ences in the metabolic processes of the associated strains. Wikul- 
lil held that the mechanical factors postulated by Bail for pure 
cultures caused inhibition in mixed cultures. Neufeld and Kuhn 
suggested that there was some form of interaction between the 
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dividing cells which led to a “direct antagonism” in which meta- 
bolic products and nutritional recjuirements played no part. 

This brief summary indicates the unsatisfactory state of our 
knowledge of antibiosis in the colon-typhoid group. Various 
methods have been employed in establishing and analyzing asso- 
ciations and even the use of similar methods by different workers 
has not resulted in similar conclusions. Experiments to be 
presented in a subsequent paper indicated that the methods of 
Nissle, Wikullil, and Etinger-Tulczyn.ska did not individually 
give an accurate and complete picture of the population changes 
in the association under study. A more complete picture is given 
by the growth curves of an association and of the pure cultures 
of the species used in the association. The growth of each 
species in an association can then be compared with its growth 
in a pure-culture control. This pap(;r presents the results of a 
.study of one association by this method. 

METHODS 

A synthetic medium was adopted in order to have the food 
supply under control. Braun and (loldschmidt’s (1929) formula 
was modified as follows: 

Aspartic acid . . 10 per cent by weight 

m/5 KH 2 PO 4 solution . . 2 0 per cent by volume 

m/ 5 MgS 04 solution. . 0 1 per cent by volume 

NaCI . . 0 5 per cent by weight 

Brom thymol blue, 1,6 per cent alcoholic 0 1 per cent by volume 


The aspartic acid and NaCl were dissolved m about half the re- 
quired amount of water. The other substances were added from 
stock solutions. The pH was adjusted to 7.0 with n/1 NaOH. 
The solution was made up to volume, tubed in 5-ml. quantities, 
and autoclaved 10 minutes at 15 pounds. 

Aspartic acid is the sole source of both carbon and nitrogen in 
this medium. Under such restricted conditions of nutrition, 
differences in the availability of the food supply might deter- 
mine the relationships of organisms in association. It is there- 
fore of importance that both the species used in the experiments 
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were able to subsist well during serial transfers in this simple 
medium. 

A number of strains of Escherichia coli and Salmonella schoti- 
mueUeri were grown in the medium for varying periods of time. 
One strain of each of these species was selected for the experi- 
ments and they were carried in the medium for 15 months during 
which 149 transfers were made. There was no evidence of a 
period of acclimatization to the medium, nor any sign of degenera- 
tion due to absence of essential nutrients. The maximum live 
cell concentrations of the two strains were about the same as in 
nutrient broth, although the rate of growth was slower and death 
more rapid. Increasing the amount of aspartic acid to four times 
the specified concentration did not materially alter the growth 
curves. The cultures dissociated to SR and R colony types 
resembling those described by Torrey and Montu (1936), but no 
changes in biochemical properties were observed and the tendency 
to dissociation did not seem greater than that of the same strains 
in nutrient broth. Complete dissociation was prevented by 
plating frequently and selecting S-type colonies. 

When the initial number of organisms was small, growth in 
the synthetic medium was frequently slow in beginning. This 
effect was studied carefully because a prolonged lag phase of this 
type might be mistaken for inhibition in antibiosis experiments. 
There were definite indications that the prolonged lag was the 
result of an unfavorable oxidation-reduction potential of the 
medium, since it could be eliminated either by the addition of 
small amounts of cysteine or by larger inoculations. The latter 
method was adopted. 

In order to minimize errors arising from variations in counts 
in duplicate tubes, the counts were made on the pooled contents 
of 3 to 6 tubes. Dilutions were prepared in weakly buffered 
distilled water which had been sterilized in bulk and distributed 
aseptically in the required amounts just before use. Plates were 
inoculated by flooding as described by Anderson and Stuart 
(1936). The eosin methylene-blue agar used for plating had the 
following formula: 
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Beef extract 3 0 grams 

Peptone 10 0 grams 

Lactose 10 0 grams 

Agar 16 0 grams 

Eosin 5 per cent aq 3 6 ml. 

Meth. blue 1.25 per cent aq 3 2 ml. 

Aq. diet 10 liter 


The reaction was not adjusted. The medium was dispensed in 
amounts of approximately 150 ml. in bottles and autoclaved for 
12 minutes at 15 pounds. 

The growth curves were followed for 72 hours by means of 
periodic plate counts. A sufficient number of tubes were inocu- 
lated with 1 to 3 drops of 24-hour growths of the individual cul- 
tures, or of both in the case of the mixed cultures, and incubated 
at 37°C. To make a count, several tubes of a culture were pooled 
and serial dilutions prepared. Four plates were flooded with 1 
ml. each of a dilution which would yield 50 to 150 colonies per 
plate. After 24 hours incubation the colorless S. schottmuelleri 
colonies were well differentiated from the black E. coli colonies, 
and a differential count was easily made. 

RESULTS 

The arithmetic means of the counts secured in 16 experiments 
are tabulated in table 1 and graphed in figures 1 to 3. 

The only variation in the conditions of these experiments was 
in the relative numbers of the two species in the inoculum. 
Small differences in this respect had no evident effect on the his- 
tory of the association. In certain experiments a large enough 
number of tubes of the association were inoculated so that the 
growth curves of the association could be determined simulta- 
neously in triplicate. 

The mean growth curves of the pure cultures (fig. 1) present 
certain interesting features. S. schottmuelleri, although it grew 
somewhat more slowly, actually reached a higher maximum cell 
concentration than E. coli. The curves for both species rose and 
declined steeply, making the linait of multiplication a point 
(Bail, 1929) rather than a phase of significant duration (maximum 
stationary phase of Buchanan). 
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In the association (fig. 2) the maximum numbers of both species 
were reduced, with <S. schoitmuelleri apparently undergoing the 
greater inhibition. There was a definite period of depression at 
24 to 36 hours in the curv^e for S. schoitmuelleri, coinciding with 
the period during which the E. coli count was near its maximum. 



Fig. 1. Mean Growth Curves or Pure Cultures of E. Coli (#) and S. 

SCHOTTMUELLERI (V) 


The depression was transitory and the S. schoitmuelleri count 
increased again when the E. coli count decreased. This period 
of depression occurred regularly, unless the initial number of 
S. schoitmuelleri was small, in which case there was usually little 
evidence of multiplication of that species until the E. coli count 
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had passed its maximum point. Depression occurred even in 
experiments in which S. schoitmueUeri was originally present in 
greater numbers than E. coU. It might be expected that this 
initial preponderance would enable S. schottmuelleri to inhibit 
E. coU. On the contrary, the depression of S. schottmuelleri 
developed as usual and E. coli soon predominated. 

In figure 3 are presented the curves of total live cell concentra- 
tions. These were secured for the association by adding to- 
gether the E. coli and S. schottmuelleri counts. The total counts 
in pure cultures were calculated as one half the sum of the counts 

TABLE 1 


Mean counts and totals of pure and mixed cultures of (-4) Escherichia coli and (B) 
Salmonella schottmuelleri in millions per milliliter 


AQB 

PURE CULTURES 

ASSOCIATION 

TOTAL COUNTS 

A 

B 

A 

B 

Pure 

Mixed 

hours 







0 

7 3 

8 5 

7.3 

8 5 

7 9 

15 8 

6 

15 6 

26 4 

35 0 

18 5 

21 0 

53 5 

12 

85 2 

61 3 

73 0 

19 8 

73 3 ! 

92 8 

16 

120 0 

126.2 

100 4 

55 0 

123 1 

155 4 

20 

143 5 

183 8 

131 4 

103 4 

168 7 

234 8 

24 

315 5 

250 4 

255 3 

113 1 

282 9 

368 4 

30 

459 0 

343 1 

293 6 

89 6 

401 1 

383 2 

36 

340 0 

418 7 

297 1 

85 7 

379 4 

383 8 

42 

300 0 

419 5 

280 4 

243 5 

359 8 

523 9 

48 

256 7 

489 6 

228 6 

149 6 

373 2 

378 2 

60 

178 5 

i 305 1 

119 8 

72 2 

241 8 

192 0 

72 

136 0 

207 6 

61 1 

52 4 

171 8 

113 5 


of the two pure cultures, since this sum represented the number 
of bacteria in 2 ml. of medium. The highest point on the curve 
of the pure culture totals was determined by the E. coli peak at 
30 hours. There was a second but lower peak at 48 hours, corre- 
sponding to the maximum cell concentration in the S. schottmuelleri 
culture. The peak of the curve of total nvunbers in the associa- 
tion came at 42 hours, the maximum cell concentration point of 
S. schottmuelleri. It was preceded by a lower zone of nearly con- 
stant numbers which was the resultant of slowly increasing E. coli 



ANTIBIOSIS IN COLON-TYPHOID GROUP 


309 


and slowly decreasing S. schottmueUeri counts. In general, the 
curves of total numbers resemble one another, the chief differ- 
ences being determined by the time variations in location of the 
maximum cell concentrations. 

As the results in the 16 individual experiments varied, the 
significance of the mean curves reported was examined by statisti- 
cal methods. The coefficient of variability of each coimt recorded 
in table 1 was determined by the usual formula: 

C.v. = 

Af 

TABLE 2 


Counts of associations of (A) Escherichia coli and (B) Salmonella schottmueUeri in 
millions 'per milliliter in an experiment carried out in triplicate 


AOK 

NO. 1 

NO. 2 

NO. 3 

A 

B 

A 

B 

A 

B 

hours 

0 

9 0 

13 0 

9 0 

13 0 

9 0 

13 0 

2 

17 3 

9 3 

18 3 

9 3 

22 0 

6 8 

12 

73 0 

10 0 

100 0 

3 0 

85 0 

12 5 

24 

203 0 

10 0 

373 0 

13 0 

373 0 

15 0 

30 

372 6 

10 0 

400 0 

10 0 

403.0 

15 0 

36 

412 5 

27 6 

363 0 

33 0 

367 0 

37 0 

48 

367.5 

137 5 

317.5 

103 0 

287 5 

52 5 

60 

263 0 

137 0 

287 0 

200 0 

170 0 

47 0 

72 

176 0 

157 0 

151 7 

145 0 

* 

A 

84 

156 7 

234 0 

100 0 

167.0 

81 3 

95 0 

96 

51 3 

350 0 

30 3 

300 0 

22 0 

250 0 


* Lost. 


in which the sum of the squares of deviations from the mean is 
divided by the mean itself and the quotient multiplied by 100 
in order to express the results in per cent. The mean coefficient 
of variability was ±65 per cent. 

There were rather large variations in the amounts of growth of 
S. schottmtieUeri during the period in which the number of E. coli 
was declining. At these times S. schcMmtieUen was growing in a 
medium partially although not completely depleted of food, and 
altered by E. coli metabolites, especially alkali which was concen- 
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trated enough to cause a pH of 8.4 to 8.8, a value close to the 
alkaline limit of tolerance of S. schoUmmlleri. However, varia- 
tions in the amount of growth of the latter during this period 
were observed even in duplicate experiments. As an example, 
data are presented in table 2 for the mixed cultures of one experi- 
ment in which three association growth curves were determined 
simultaneously. In general, these curves conform to the mean 
curves of table 1, but they indicate the irregularities encountered 
in the experiments from which the averages in table 1 were calcu- 
lated. Individually, these variations are of little significance 
when the number of observations is sufficient, but a chance en- 
counter with an extreme case might in the absence of further 
data lead to erroneous conclusions as to the relationships between 
two associated organisms. 

Uncompleted studies employing other strains of E. coli and 
S. schottmuelleri suggest that similar results can be secured when 
the same technic is used with other strains. No strains were 
encountered which were of the strongly antibiotic type of colon 
bacilli named “Mutaflor” by Nissle, and none of the S. schott- 
mueUeri strains studied were able to inhibit the growth of E. coli 
under the conditions of these experiments. 

DISCUSSION 

A study of the literature would lead to the expectation that 
the association of E. coli and S. schottmuelleri would exhibit bac- 
tericidal action by the first with annihilation of the second 
organism as its result. This was not observed. The depression 
of S. schottmuelleri during the period in which the E. coli count 
is near the maximum cell concentration resembles the anticipated 
bactericidal effect. The depression is, however, only temporary 
and S. schottmuelleri is not exterminated. If any bactericidal 
substance is present it must be dilute and readily inactivated. 

The tendency shown in the growth curves is toward a succes- 
sion of the species rather than outright competition for existence. 
This has not been recognized generally as a form of antibiosis, 
although workers (e.g., Topley and Fielden, 1922) have long 
realized that certain organisms which can not be isolated from a 
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young mixed culture may become the predominant type when 
the association is older. Certain of the 16 experiments showed 
the succession of the species more distinctly than appears in the 
average data in table 1. In those cases, the S. schottmuelleri 
coimt generally remained so low during the growth of E. coli 
that plates of 10-^ dilutions of the mixed culture usually showed 
no colonies of S. schottmuelleri, or at most one or two. In the 
absence of further evidence these results would certainly be in- 
terpreted as indicating the practical annihilation of S. schoU- 
mueUeri. It is very important, therefore, that a secondary 
growth of jS. schottmuelleri always developed in these associations, 
proving that the annihilation was apparent rather than real. 

At present antibiotic activity cannot be expressed quantita- 
tively with any accuracy. The numerical ratio between two 
associated species (antagonistic index) depends largely on the age 
of the culture observed, as can be seen from the figures presented. 
It is therefore misleading to state on the basis of a single observa- 
tion that one species is antagonistic to another. The evidence 
does not suggest that in the association studied antibiosis is 
determined by the initial numbers of each species, as some workers 
have contended. Nor is there simultaneous growth and mutual 
inhibition proportional to the maximum cell concentrations of the 
strains, as described by WikuUil. 

In an attempt to clarify the relationships between the two 
associants the areas under the growth curves were compared. 
The area was estimated by determining the average count for a 
time interval and multiplying this by the length of the interval 
in hours. The product expresses numerically the existence of 
the bacterial cells in the specified length of time. It has been 
termed “cell hours” by Carpenter, Fulton and Stuart (1935). 
It indicates total existence rather than rate of increase or relative 
numbers of organisms, and is therefore distinct from the count 
itself and from the growth rate of the culture. When the cell- 
hour values for all the time intervals in an experiment are added 
together the sum is the total cell hours for the growth cycle. It 
expresses concisely the extent to which a strain of organisms has 
existed in a culture during the period of observation. 
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Calculation of the total cell hours for the growth curves re- 
corded in table 1 bears out the evidence of inspection of the curves 
themselves. In pure cultures S. sckoUmtieUeri grows better than 
E. coli. The total cell hours for E. coli in pure culture is in roimd 
numbers 16,700 X 10*, while for S. schottmuelleri it is 18,800 X 
10*. In the mixed cultmes the corresponding values are: E. coli 
11,800 X 10*; S. schottmuelleri 6,620 X 10*; total 18,420 X 10*. 

Several comparisons are possible in analyzing these values. 

(1) The ratio of the total cell hours of one species in mixed cul- 
ture to the total cell hours of the same species in pure culture will 
indicate one form of inhibition. This ratio is for E, coli 0.74, for 
S. schottmuelleri 0.35. In other words, both organisms grew less 
in the association, E. coli averaging about three-fourths as much 
growth as in pure culture, and S. schottmuelleri about one-third. 

(2) The relative growth of the cultures as wholes can be expressed 
by the ratio of the total cell hours in mixed cultme to the total 
cell hours in pure culture. This ratio is 0.535, and indicates that 
growth of the two species in the association is roughly half as 
great as their growths separately in pure cultures. (3) It was 
pointed out in connection with figure 3 that the sum of the pure- 
culture counts refers to bacteria per 2 ml. of medium. The total 
cell hours for pure cultures as previously calculated also refers to 
twice as much medium as the total cell horns for the association. 
If this difference is corrected by dividing the total cell hours for 
pure culture by 2, the ratio between total cell hours of the pure 
and mixed cultures becomes 1.07. (4) The fraction of cell hours 
contributed to the totals of the mixed cultures by one of the asso- 
ciants, compared to the fraction contributed by the same species 
to the total cell hours of the pure cultures, indicates antibiosis in 
another way. Since inhibition of S. schottmuell&ri is the question 
at issue, the fractions of the total cell hours contributed by that 
species were calculated. The fraction is, for pure cultures 0.545, 
for the association 0.36. In other words, over half of the total 
cell hours of both piure cultm^s represents 8. schottmuelleri hours. 
In mixed culture the growth of 8. schottmuelleri accounted for only 
subtly more than one third of the total cell hours. 

These calculations show that the growth in association by both 
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species, as measured in cell hours, was slightly more than half 
(53.5 per cent) of the growth in the two pure cultures. Elimi- 
nating the difference in volume of the environment in pure cul- 
tures and the association, growth in the association was 7 per 
cent greater than in pure cultures. The diffeience is presumably 
negligible. The figures also show that while both species were 
inhibited in the association, S. schottmuelleri was relatively more 
inhibited than E. coli (65 per cent as compared with 26 per cent 
inhibition of E. coli). The fourth calculation shows that S. 
schoUrmteUeri in mixed culture was inhibited to such an extent 
that it produced 18.5 per cent less cell hours than would be pre- 
dicted on the basis of its behavior in pure culture. 

This figure for the inhibition of S. schottmuelleri is not as large 
as might be assigned after simple inspection of the growth curves 
of the association. It is not as large as would be indicated by 
determination of the antagonistic index at approximately the 
time when E. coli reaches its maximum cell concentration. The 
treatment of antibiosis in the case presented here differs from 
previous methods in comparing the association with pure culture 
controls and in considering the entire growth cycle rather than 
an arbitrary point on it. The results secured raise doubt as to 
the existence of antibiosis in the association studied. Standards 
of comparison are lacking, but 18.5 per cent inhibition of S. schott- 
mueUeri does not appear to indicate a high degree of antibiotic 
action by E. coli. 


SUMMARY 

1. The growth cycle of a selected strain of Escherichia coli 
and one of Salmonella schottmuelleri in association in a synthetic 
medium indicates a tendency for the species to succeed each other 
in the order named. 

2. During the early growth of the association, S. schottmuelleri 
is inhibited to a marked degree and the population consists 
largely of E. coli. 

3. After E. coli passes its maximum cell concentration, a more 
or less luxuriant growth of S. schottmuelleri develops, and the 
population in old associations consists largely of S. schottmuelleri. 
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4. Considering the growth cycle as a whole, and in comparison 
with pure culture controls, there is only slight inhibition of 5. 
ackottmneUeri by E. coli in the association studied. 
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PRINCIPLE 

When chromium metal powder is added to sulphuric acid, the 
following reactions take place: 

1. Chromium reacts with sulphuric acid, forming chromous 
sulphate with vigorous evolution of hydrogen: 

Cr + H,SO« CrS04 + H, 

2. The chromous sulphate in the presence of sulphuric acid 
absorbs oxygen and is readily oxidized to chromic sulphate: 

4 CrS04 + 2H,S04 + 0, 2Cr,(S04)i + 2H,0 

Thus, chemical reactions involving only two reagents may serve 
two purposes: the displacement of air by the generated hydrogen, 
and the absorption of the residual oxygen by the chromous com- 
pound. 


APPARATUS 

An apparatus for the application of the foregoing principle 
should have the following features: 

1. It should be capable of being hermetically sealed. 

2. It should be provided with an outlet for the egress of the 
generated hydrogen. An arrangement should be made for the 
closure of this outlet whenever necessary. 

3. As the bottom of the apparatus is to be filled with the rea- 
gents, a provision must be made for an acid-proof stand, elevated 
above the surface level of fluid, in order to hold the culture tubes 
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and dishes. A Novy jar or one of the usual desiccators with 
ground-glass stopcock and gla 2 sed porcelain plate, resting on an 
inner flange, fulfills these requirements. However, it is rela- 
tively simple to construct for the same purpose an improvised 
apparatus from ordinary Mason fruit-preserving jars which have 
a threaded metal cap. The jar is hermetically closed by putting 
the sealing mixture between the jar and cap and covering the 
junction with several rounds of adhesive tape. A small perfora- 
tion is made in the center of the cap to serve as an outlet for the 
gas. When required, this may be sealed with modeling wax 
(plasticene). 


REAGENTS 

1. Chronaium metal powder. 

2. Sulphuric acid, 15 per cent aqueous solution by volume. 

3. Sealing mixture, consisting of 90 parts of white petrolatum 
and 10 parts of beeswax, melted together and allowed to re- 
solidify. 

4. The usual methylene blue indicator: 

Solution A: 3 cc. 0.5 per cent aqueous solution of methylene 
blue, diluted to 100 cc. with water. 

Solution B: 6 per cent aqueous solution of glucose vrith a 
crystal of thymol added for preservation. 

Solution C: 6 cc. n/10 NaOH, diluted to 100 cc. with water. 

Immediately before use, a mixture of equal parts of the three 
solutions is prepared. 


TECHNIQUE 

1. Carry out the first four steps in rapid succession. 

o. Pour on the bottom of the jar the 15 per cent solution of 
sulphuric acid (100 cc. per liter capacity of the jar) and add 
chromium metal powder (5 grams per liter capacity). 

b. Place the test tubes and the Petri dishes with the cultures 
on the stand. 

c. Introduce a tube filled with the methylene blue indicator. 

d. Place the lid on the jar, taking care to open the gas outlet. 

2. After the initial vigorous evolution of hy^ogen has subsided 
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and only a mild effervescence of the fluid on the bottom of the 
jar is observable, close the gas outlet. 

3. Place the sealed jar in the incubator. 

4. On opening the jar, after the desired period of incubation, 
avoid exposure to flame as the jar and culture tubes are saturated 
with hydrogen. 


ADVANTAGES OF THE METHOD 

1. The method is simple and does away with expensive, com- 
plicated equipment. There is no need for an outside generator 
of hydrogen, for a vacuum pump to exhaust the air, for a device of 
palladinized asbestos wool, etc. 

2. The chromous sulphate reagent absorbs the oxygen at a rate 
far superior (more than 40 times*), to that of the alkaline pyro- 
gollate which, at present, is used for that purpose. Conse- 
quently, the jar is rapidly freed from oxygen. The best evidence 
of this fact is decoloration of the methylene blue indicator which 
occurs within a few minutes instead of several hours, as is the 
case with the methods in ordinary use. 

3. The suggested amounts of chromium and sulphuric acid are 
double the amount theoretically required. Therefore, an excess 
of an active oxygen absorbent remains available during incuba- 
tion, as a safeguard against possible traces of oxygen which were 
dissolved in the nutrient media or which could seep into the ap- 
paratus. The exclusion of free oxygen, even after prolonged 
incubation, is indicated by the continued decoloration of the 
methylene blue. 

4. Inasmuch as no vacuum is created during any step of the 
method, the Petri dishes can be placed in inverted position and 
the growth of isolated colonies is not impaired by collection of 
moisture on the surface of the agar. 

6. During the incubation, the pressure of hydrogen inside the 
apparatus remains slightly increased which serves as a protection 
against penetration of air from the outside. 

* Stone, H. W. 1936 The use of chromous sulfate in the removal of oxygen 
from a stream of gas. A comparison with other oxygen absorbents. Jour. Amer. 
Chem. Soc., 03 (Part 2), 2591-2595. 
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6. The presence of fluid on the bottom of the jar prevents the 
dehydration of the media even on prolonged incubation. 

7. The method is eflicient. Cultures on liquid media and good 
surface growth on agar can be easily obtained even in the case of 
strict anaerobes. 


SUMMART 

An anaerobic method is described, based on the reaction of 
chromium metal with sulphuric acid. The reagents are placed at 
the bottom of a culture vessel which can be hermetically sealed, 
and which is provided with an outlet for gas. The generated 
hydrogen escaping through the open outlet displaces the air. 
After the outlet has been closed, the residual oxygen is absorbed 
by the chromous sulphate formed. 
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It is one of the bases of the double receptor theory that the 
H and 0 agglutinogens differ in resistance to heat. Yet the 
degree of difference is not clear. It is not certain, for example, 
whether the H substance of different species of bacteria is of the 
same lability; or whether the occasional report of survival of H 
through a heat treatment, which is expected to inactivate it, is 
explained by some protective condition during heating. 

Most records of the thermal relations of H antigens concern 
the pretreatment of suspensions intended for animal injection. 
Felix and Robertson (1928) and Condrea (1930) used 1 or 2 hours 
at 60°C., in treatment of Clostridium tetani] Tulloch (1918) for 
the same purpose 30 minutes at 60°C. Henderson (1932) treated 
Clostridium chauvoei for 1 hour at 60°C. Schoenholz and Meyer 
(1923, 1925) also chose 1 hour at 60° for Clostridium botulinum 
but Starin and Dack (1923) increased the treatment to 10 to 15 
minutes at 70°C. and Falk and Powdermaker (1925) to 30 minutes 
at 78°C. For non-spore-forming organisms, the treatments have 
been less drastic. Nelson (1928) with Salmonella paratyphi used 
1 hour at 56°C. and Abdoosh (1932) for Vibrio cholerae only 30 
minutes at 58°C. Occasionally when there is no question of 
pathogenicity of the organism, a heat treatment is given, appar- 
ently to prevent autolysis of antigen suspensions. Thus, a treat- 

^ This investigation has been aided by a grant from the Wisconsin Alumni 
Research Foundation. 


321 



322 


BUZABETH McCOT 


ment of 1 hour at 58®C. was given Bacillus suhtilis by Graham 
(1930). It is certain that most of these authors were aware of 
the heat lability of the H antigen and were presumably selecting 
times and temperatures, which in their experience were safe. 
One is, however, impressed by the considerable variation of treat- 
ment, which would suggest either that the lability of H in the 
several species is not the same or that the reports are not com- 
parable for reasons of technique. 

There are a few papers which deal particularly with the effect 
of heat on the H substance. The early works of Joos (1903), 
Beyer and Reagh (1904), and Eisenberg and Volk (1902) are 
remembered only for recognizing that an antigen, which in later 
terminology became the H antigen, is heat labile. Joos, working 
with typhoid bacilli, described it as “rapidly destroyed at 60 
to 62°C.” Beyer and Reagh distinguished between impairment 
of agglutinability and effect upon antigenicity in the body; a 
temperature of 70°C. for 20 minutes accomplished the former but 
not the latter with the hog cholera bacillus. Smith and Ten- 
Broeck (1914-15) compared agglutinability of the fowl typhoid 
bacillus in suspensions unheated, and heated 1 hour at 60°C., 
20 minutes at 65°C., and 20 minutes at 70°C. Only the last 
treatment caused appreciable injury. Orcutt in 1924 studied 
the flagellar antigen of the hog cholera bacillus originally used by 
Smith and Reagh. Both motile and non-motile strains were 
then available and a technique was devised for mechanically 
removing and separating flagella from their bacilli. Anti-flagellar 
serum was prepared with a titre of 1 : 320 for unheated flagella. 
With flagella heated for 20 minutes at 70°C. only a faint reaction, 
described as “fine” at 1:20 was given. From an absorption 
experiment it was found that power to combine with flagellar 
agglutinins was entirely lost by the heated flagella. They re- 
tained antigenicity in vivo, however. 

Tulloch (1927) criticized the receptor anal 3 rsis as revealing an 
“antigen-mosaic” structure of bacterial cells. He pointed out 
that the lability of the supposed H antigen is indefinite, depending 
upon whether the test is made in vitro or in vivo. Furthermore, 
“the degree of thermo-stability of a given reagent may not be 
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constant, and therefore, the terms thermo-stable and thermo- 
labile . . . are relative and arbitrary.” He cited experiments in 
which the H antigen of a particular strain of Salmonella a^rtrycke 
apparently changed under laboratory cultivation. To show that 
60°C. had no specificity in the inactivation of the H factor, he 
compared three strains of Salmonella aertrycke and one of Sal- 
monella paratyphi, with antigens heated at 56°, 60° and 65°C. 
for 30 minutes. Whereas 56° to 60°C. seriously affected S. aer- 
trycke as shown by altered agglutinability, S. paratyphi resisted 
60° but was inactivated in 30 minutes at 65°C. 

In other words, the point was well made that a specific and 
critical point of inactivation was not found. Thus, Tulloch was 
led to discard the whole concept of a particular labile antigen, 
and to suggest instead that the effect of heat “upon the organ- 
ismal protoplasm is progressive and acts upon all components of 
the micro()rganism.” 

Opposed to this conclusion is the convincing demonstration by 
Craigie (1931) that heat causes lysis of the flagella and that 
coincident with their physical disintegration H agglutinability 
of a suspension of flagellated cells or separated flagella is lost. 
Moreover, the onset of lysis by heat was said to be sharp and an 
“essentially all or nothing phenomenon.” Craigie therefore con- 
cluded that the flagella of the Eberthella typhosa, which he studied, 
‘'can be identified with the H receptor of Weil and Felix,” or in 
other words, that the morphologically intact flagellum behaves as 
the H antigen. The reservation was made, however, that heat- 
lability of the flagellar antigen need imply only destruction by 
heat of the ability of the antigen to react in typical in vitro 
agglutination. 

In considering the possible survival of H antigen as detected by 
other tests, Craigie applied the precipitin test and discovered 
that flagella lysed by heat (in treatments up to 2 hours at 100°C.) 
would still give unimpaired precipitation with pure flagellar 
agglutinating serum. This finding is of very great interest in 
relation to the occasional reports of unusual resistance of H 
antigen, as tested by in vivo reaction. But it also throws grave 
doubt on the validity of criteria of heat lability of the supposed 
H antigen. 
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It was to explore further the facts of heat inactivation of H 
antigen that the present work was undertaken. This paper will 
deal with the heat resistance of the H factors in two species, and 
the physical or chemical agents which may affect their apparent 
resistance. Interest in these species is increased by the fact that 
one is a mesophile and one a thermophile. The latter grows well 
at a temperature of 60° to 65°C. which is reported to injure, even 
in less than an hour, the H factor in species in the typhoid group, 
upon which the common impression of H lability is based. 

EXPERIMENTAL 

The cultures chosen were Clostridium butyricum (Piorowsky 
strain) and Clostridium thermosaccharolyticum. Both are motile 
species used by us in previous serological work (McClung and 
McCoy, 1935). For making antigen they were cultivated in 1 
per cent trj^tone — 0.5 per cent glucose broth, the former at 37°C. 
for 24 hours, the latter at 60°C. for eighteen hours.* Five injec- 
tions at 3-day intervals were given of cells living or heated as 
noted below, the dosage being graduated from 0.5 to 2 cc. of a 
suspension containing approximately 15 billion cells per cubic 
centimeter. Sera were taken from the fourth to seventh day 
after the last injection, tested with homologous antigen to demon- 
strate a satisfactory potency, and stored without preservative 
at2°to4°C. 

After preliminary experiments it was decided to prepare sera 
for the untreated antigen (called W or whole-cell) and for antigens 
heated at two arbitrary degrees of temperature/time covering 
the probable range of inactivation. These were judged by in 
vitro tests in pure H antiserum (i.e., W serum pre-absorbed with 
0 antigen) ; as (1) that highest temperature which in 30 minutes 
heating would not appreciably affect the agglutinability of the 
antigen, and (2) that temperature plus 5°C. for the same period. 

* Inocula in all cases were taken from dry spore stock on sterilized soil and the 
actual cells collected for antigen for either animal injection or for the in vitro 
tests were those of the second culture generation from the spores. This statement 
is offered in part explanation of the remarkable constancy of agglutinability which 
we have been able to secure from experiment to experiment. 
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In the case of C. butyricum these treatments proved to be 60° 
and 65°C. for 30 minutes (note that these treatments are in the 
range of those debated in the literature) ; and for C. thermosac- 
charolyticum, 80° and 85°C. respectively (note also that in no 
report on mesophilcs has any claim been made of such resistance 
of H antigen). In certain experiments with C. thermosaccharo- 
lyticum use was made also of sera prepared from separated 
flagella by a method formerly described (McClung and McCoy, 
1935). 

The procedures of absorption, testing, and reading of results 
are essentially those of our previous work (McCoy and McClung, 
1935). The experiments to be reported have been repeated two 
of more times with different sera and lots of antigens. It should 
be emphasized that all tests for survival of the H antigen are 
based upon readings of reactions in pure H antisera: i.e., W or 
flagellar sera completely 0-absorbed to < 1 : 40 by antigen which 
had been steamed 2 hours at 100°C. Any reactions then showing 
higher titers than 1 : 40 at least may be considered due to H reac- 
tion, irrespective of the quality of the flocculation. It should 
be emphasized that this precaution in distinguishing the H reac- 
tion has not been used previously. 

Evidence of in vivo antigenicity of untreated and heat-treated cells 

As a matter of course, the first points to be settled were the 
titers of the sera with their homologous antigens, and with known 
H and 0 antigen suspensions; in other words, the sera were 
analyzed for H antibody content. In tables 1 and 2 are given 
the data for the 3 types of sera for both the mesophile and the 
thermophile. By comparison of the series before and after ab- 
sorptions, one is able to separate the H reactions from the H -t- 0 
on a much more certain basis than by inspection of the type of 
flocculation. For example, in the case of the 85° serum for C. 
therniosaccharolyticum one would on the appearance of flocculation 
of W cells suppose the reaction to be of H type. But since the 
titer is the same for both W and O antigens, and since 0 absorp- 
tion removes substantially all of the antibody in question one 
would finally conclude that the 85° serum after all contains no 



TABLE 1 



♦ In this and other tables 4-++ indicates maximum agglutination; -h-hd: etc., 
degrees of incompleteness; — negative. 

W in all instances refers to the whole cell antigen, imtreated by heat or chemi- 
cals. O refers to antigen prepared by steaming 2 hours at lOO^C. 
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TABLE 2 

Analysis of antibody content of sera for Cl. thermosaccharolyticum 
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detectable H antibody. In a similar way the table shows that 
the heat-treated antigens in all cases react less completely, and 
generally in a range of dilution within the O titer of the serum. 
It is only after absorption that one can see the ability of the 60° 
and 80° antigens to react poorly but positively to H antibody, 
whereas the 65° and 85° antigens react very slightly or not at all. 
It should perhaps be noted that our arbitrary choice of tempera- 
tures for the 30-minute pretreatment of the antigens for injection 
was successful only in the case of the thermophile, in that the 80° 
antigen was still H-antigenic in vivo, the 85° not. This point is 
to be noted in relation to the contention of Craigie and others 
that in vivo antigenicity survives heat treatments greatly in 
excess of in vitro reactivity. That the 65° cells of C. butyricum 
were not inactivated so completely is not surprising, since the rate 
of inactivation at the range of 60° and 65°C. should be con- 
siderably less than between 80° and 85°C. In any case, however, 
the prospect would be that 100°C. for 2 hours, which we have used 
for H inactivation in producing 0 suspensions, would be safely 
in excess of the heat resistance of the H factor of either species. 

Evidence by in vitro tests of the course of heal inactivation 

If Craigie’s proposal that- heat affects the H antigen by causing 
lysis of the flagella is correct, one might find a critical temp>erature 
at which all flagella would be destroyed. Obviously time of 
exposure would be a factor, and so, as in experiments on the 
thermal death time of organisms, it is only necessary to choose 
a temperature calculated to be effective in a convenient time for 
the experiment, and to plot a curve of time against titer of the 
H antigen as shown by in vitro agglutinability. Any sharp break 
in the curve would correlate with lysis. This type of experiment 
was used by Tulloch, but only in a limited way with exposures of 
5, 15, and 30 noinutes at 60°C. Perhaps because his sera were not 
pure anti-H (and were possibly complicated by group- and spe- 
cific-phase reactions) his results were not clear cut and were in 
fact used to support his argument for the progressive inactivation 
by heat of all components of the cell. 

In the present work experiments along these lines were found 
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very useful. It is from such curves of heat mactivation that one 
can compare the behavior of the mesophilic and thermophilic 
H antigens. One can also try the effect of chemical and physical 
factors and thereby come to understand how in the literature 
seemingly erratic variations are reported. A few experiments 
will illustrate. 

Figures 1 and 2 compare the inactivation curves at 3 tempera- 
tures, the times of treatment being from 0 to 60 min. ; the experi- 


ria. I ris. 2 



58°, 60°, AND 62‘’C. 

Fig. 2. Similar Curves for Cl. thermosaccharolyticum at 75°, 78°, and 80°C. 

ment was done with serum 0-absorbed to <1:40 with somatic 
antigen, so that the curves represent H inactivation only. It is 
evident that destruction of H is a time/temperature function 
and that small differences in temperature, like 2®C., make a great 
difference in the rate of inactivation. In our own early experi- 
ments, when temperatures were not accurately controlled some- 
what erratic results were obtained in some cases, and it seems to 
us very likely that some of the confusion in the literature results 
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from lack of appreciation of this point.* It is evident also from 
the figures, by comparison of results for the two species, meso- 
philic and thermophilic, that the differences in slope are less 
than would be expected considering the different range of tem- 
peratures at which the curves are drawn. This is better illus- 
trated in figure 3, a comparison of the 60° curve for C. hutyricum 
with an 80° curve for C. thermosaccharolyticum. The essential 

HG. 3 



FlO. 3. COMPABISON OF THB HeAT RESISTANCE OF THE MeBOPHILIC AND 

Thermophilic Agglutinogens 

likeness of the two curves would seem to mean that the H factor 
of the thermophile is inherently more resistant (or is so protected 
in the cell as to appear so). In no case in these curves is there a 

* The desired amounti up to 10 cc., of fresh concentrated stock antigen was 
placed in a test tube together with a 1 cc. pipette and a standard thermometer. 
The tube was placed in a boiling waterbath to bring the temperature as quickly 
as possible to the desired degree; 1 cc. was immediately removed by pipette to 
make the ^'zero minute’’ diluted antigen, and the tube transferred to another 
deep waterbath at the desired degree of temperature. With constant stirring 
both in the tube and in the waterbath the temperature was maintained with great 
care and 1 cc. portions taken every 5 minutes up to 30 minutes and beyond that at 
10- to 15-minute intervals as needed for particular experiments. Because the 
results have been reproducible from experiment to experiment, we believe that 
temperature has been held with sufficient accuracy. 
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sign of sharp change of slope as one would expect if there were a 
critical point of lysis of the flagella. Rather do the curves sug- 
gest a progressive change such as coagulation for the mechanism 
of inactivation. They closely resemble death curves in disinfec- 
tion or thermal death times of bacterial populations, and do, in 
fact, plot to straight line logarithmic curves. 

Another use of the time curves has been to demonstrate the 
effect of one or another chemical factor upon the rate of inactiva- 
tion by heat. A series of experiments was planned to show the 
effect of pH 5 to 9, with antigens heated to 58° and 60° and 75° 
and 78°C. for the mesophile and thermophile respectively. For 

nc 4 



the antigens in these experiments, cells were collected in the usual 
way by centrifugation and resuspension in normal saline in con- 
centration so that after heating about 1 to 25 dilution gave the 
desired antigen for test. Colorimetric pH indicators were added 
to suitable portions and the desired pH obtained by addition of 
HCl or NaOH as needed. Control experiments were included to 
show that the presence of the indicators during heating and subse- 
quent agglutination tests had no unfavorable effects. Control on 
the effect of pH apart from heat was also provided in a series 
held in the ice box for 24 hrs. Since this treatment did not change 
the titers appreciably from those of zero minutes at 60° or 75°C. 
the data need not be presented here. Figures 4 and 5 present 
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the set of curves for the series heated at G0° and 75°C., for the 
mesophile and thermophile respectively. It is evident from either 
series that pH has a profound effect upon the rate of inactivation 
of the H factor by heat. As might be expected the steepest 
curves are at the extremes of pH tested; in fact, in the case of 
C. thermosaccharolyticum complete destruction in less than 5 
minutes at pH 8.5 to 9 has prevented drawing of curves at all. 
The pH of least destruction differs slightly for the two species, 
but in both cases falls in a slightly acid range. The point should 
be made that the absolute amount of acid required to adjust the 
lots of antigen even to pH 5 was not great, because of the absence 


na > 

CL thcrmosacchaaouticum 



Fig. 5. Similar pH CvRvr.a for Cl. thermosaccharoltticvm 


of buffer other than the protein of the cells in the saline suspen- 
sion of concentrated antigen; n/10 acid was added, drop by drop, 
and often only 3 to 5 drops per 10 cc. of suspension were required. 
These points become significant when one considers the recent 
tendency to recommend use of glucose broth cultures directly 
(Weinberg and Barotte, 1928, and Hall, 1937) for both immun- 
ization and performance of agglutination tests with anaerobes. 
The pH of such glucose cultures may well be at or below 5 (see 
Snyder, 1936), and if such antigenic suspensions are then treated 
even at 56° to 60°C. for 1 hour to inactivate toxin, very serious 
injury of the H agglutinogen will have been produced. 

Experiments were made on the effect of two other factors, 
which by analogy to their protective effect on thermal death times 
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of bacteria appeared likely to modify the rate of inactivation of H 
antigen by heat. In one experiment normal blood serum was 
added to serve as a protective colloid, in concentration of one- 
third by volume in the concentrated antigen heated. Series were 
carried out at pH 6 and 7 in order that acid coagulation of the 
serum proteins might not be a complicating factor; for that 
reason also the experiment has been done only with C. hutyricum 
at 58°C. No flocculation during heating did occur and appar- 
ently, from figure 6, no protective action was exerted in com- 
parison with control series run at the same time in saline alone. 

Fi6. « 



Fig. 6, Resistance of the H Aogltttinogen of Cl. butyricum Heated in 
Saline and in the Presence of Serum Proteins 

Another experiment was set up in which a dehydrating agent 
was tested for its effect upon the survival of H antigen. For 
this purpose glycerine was chosen because it is known to have 
no inhibitory effect upon agglutination, often being used in serum 
preservation for this reason. In the present experiment 50 per 
cent by volume of glycerine was used in the concentrated antigen 
heated. Because it was found to have a decided protective action 
a series of tests had to be run to produce effects within the range 
of time of experiment. Figure 7 illustrates three of the glycerine 
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series, together with their saline controls. The protective effect 
of the glycerine is remarkable. 

Variations in the concentration of sodium chloride were also 
tried. The serum for these experiments was absorbed with a 
concentrated 0-antigen in 0.4 per cent saline and diluted to a 
saline concentration of 0.1 per cent after addition of the last 
absorbing dose. It was then possible to run series in the range 
from 0.1 to 2 per cent by arranging to dilute each set in the 
desired grade of saline, the 0.1 per cent NaCl in the absorbed 


06 7 



Fio. 7. Effect of GijTCEBIns as Dehtdbatino Aobnt on the Resistance of 

THE H AaOIitJTINOGBN OF Cl. BCTTBICUM 

serum being taken into account. The antigens were made to the 
proper cell dilution for the tests in saline of the same concentra- 
tions, so that it was possible to carry out both heating and test 
after heating in the same saline concentration. An arbitrary 
time and temperature of heating were chosen for these experi- 
ments and the data are given in table 3. There is very definitely 
an optimum concentration for agglutinability of the unheated 
antigen, and, curiously the same concentration is best for survival 
of that antigen to heat in the treatment given. It is perhaps 
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understandable that the lowest concentration tested, 0.1 per cent, 
should be most destructive to flagella and consequently to H, for 
it is most hypotonic. But that 1.5 and 2 per cent should be 

TABLE 3 


Effect of concentration of NaCl upon the survival of H arUigen 
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even more injurious is more diflScult to explain. Fortunately 0.8 
or 0.4 per cent are used in most agglutination work; and it may 
be said that in all of the preceding experiments in this paper 
0.8 per cent was employed. 
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Evidence by tests of absorption capacity of heat-treaied cells 

In view of the apparent discrepancy between heat inactivatioij 
as judged by H agglutinability and by in vivo antigenicity, some 

TABLE 4 

Absorption tests with W serum for CL thermosaccharolyticum 


(Absorptions by W, 0 and antigens heated at 78° to 86° for 30 minutes and 100° 

for 10 minutes) 
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TABLE 5 

Absorption teats with 80® and 85® sera for Cl. thermoaaccharolyticum 
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work was needed on another test of survival of the H antigen. 
In other words, the third criterion of antigenic function, absorp- 
tive capacity, remained to be tested, and it was of particular 
interest to see whether its inactivation would parallel that of 
agglutinability or agglutinin production. For this purpose the 
sera for C. thermosaccharolyticum were chosen, because they repre- 
sent a series covering whole-cell antiserum, one for cells heat- 
treated so as to injure agglutinability but not antigenicity in vivo, 
and one for cells heat-treated so as to destroy so far as the first 
tests indicated all H antigenic behavior. 

TABLE 6 

Absorption by pH 6, 6f 8, and 9 antigens after heat treatment of 60 minutes at 76^C. 

(Cl. thermosaccharolyticum) 

(Serum — anti W) 
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Tables 4 and 5 contain the data. Naturally the W antigen in 
any serum exhibits H-absorbing capacity and incidentally shows 
again that serum for 85° antigen is devoid of H agglutinins. The 
only heat-treated antigen to show any H absorbing action is the 
78° antigen and that is slight. That 78° antigen also reacts 
slightly wherever H antibody is left after absorption is in line 
with expectation. The remaining antigens heated at 80°, 82°, 
84°, 86° for 30 minutes and 100° for 10 minutes behave as somatic 
absorbing agents only. This consistent evidence of complete 
inactivation of H absorbing capacity is of particular interest, 
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because it corresponds exactly with ability /inability to agglu- 
tinate (see figures 1 and 2 again: antigen 78° in the state after 
heating 30 minutes is the last to show appreciable reaction). 

One further test was made for the absorptive capacity of anti- 
gens heat-treated under conditions to destroy their H agglutina- 
bility. Antigens from the extremes of the pH series, i.e., pH 5, 6, 
8, and 9, heated to 75° for 60 minutes were known from former 
tests to have agglutinability reduced to about 1 : 80. Their reac- 
tions were adjusted back to that known to be harmless in absorp- 
tion tests, pH 6.0 to 6.5, and they were then used as absorbing 
agents in the usual way. Table 6 shows that they had no more 
absorbing capacity than they had agglutinability. 

From the above experiments it would seem that ability to 
absorb H agglutinins closely parallels ability to agglutinate to 
the same. 


SUMMARY 

It is evident that the inactivation by heat of the H agglutinogen 
of bacteria is a complex phenomenon, and is not to be defined in 
terms of an arbitrary temperature and time. Factors such as the 
acidity or alkalinity of the suspending medium, the presence of 
a strong dehydrating agent like glycerine, and to some extent of 
even low concentrations of NaCl have profound effect upon the 
apparent heat resistance of the H factor. It is probable that 
protective colloids in the medium would also be important, al- 
though serum proteins did not appear to be effective under the 
conditions tested. 

Granted that the apparent heat resistance of the H antigen can 
be manipulated over a considerable range, what becomes of the 
concept of heat lability as defining the H factor? One must, it 
seems, agree with Tulloch that the terms, “thermostable and 
thermo-labile ... are relative and arbitrary.” But one need not 
assume for that reason that no distinction of antigens can be 
made by the application of heat or, as Tulloch has put it, that the 
change upon heating is progressive alteration of “all components 
of the organismal protoplasm.” If that were true, there would 
hardly be the discrepancy between the highest known resistance 
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of a so-called H factor and the much higher (as yet undetermined 
maximum) resistance of the somatic factors of the same species. 
We submit that the disappearance, as judged by all three criteria 
of antigenicity, of the H agglutinogen of Clostridium thermosac- 
charolyticum heated at 85°C. for 30 minutes is evidence on this 
point. 

Furthermore, if the effects of heating were not differential for 
antigens, there would not be the great difference in range of treat- 
ment for inactivation of the corresponding factors in the meso- 
philic and thermophilic species. The likeness of behavior of 
their H agglutinogens has been remarkable, but with the impor- 
tant difference that the antigens in question are 20°C. apart in 
lability. Twenty degrees for the times employed is far more than 
the range over which the heat resistance of either H antigen can 
be manipulated by the influence of the chemical or physical 
factors so far investigated. 
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In his famed letter of October 9th, 1076, to the Royal Society 
of London, Leeuwenhoek wrote; “My method for seeing the very 
smallest animalcules and minute eels, I do not impart to others; 
nor how to see very many animalcules at one time. That I keep 
for myself alone.” His trick of manipulation has remainedsome- 
thing of a mystery; although Robert Hooke, who independently 
repeated some of the observations, seems to have left no record of 
any unusual technique. CUfford Dobell (1932) has expressed a 
conviction that the pioneer microscopist must have hit upon some 
method of dark-field illumination. 

It will be recalled that Leeuwenhoek’s “microscope” was a 
single, biconvex magnifying glass which he ground and then 
mounted between small apertures in a metal holder. The instru- 
ment was held close to the eye and the object on the other side of 
the lens was adjusted to proper focus. The fluids to be observed 
were usually held in thin glass capillary tubes. With this ap- 
paratus, he obtained sufficient contrast between floating bacteria 
and their background to see and describe them, often recog- 
nizably. 

The following experiments may perhaps throw some light on 
Leeuwenhoek’s procedure. The first series was done with fused 
glass spheres about 1.6 mm. in diameter, set into bevelled 0.9 mm. 
apertures in sheet copper. Their constants, calculated approxi- 
mately, are: magnification, 230; working distance, 0.3 mm.; 
numerical aperture, 0.4. These simple lenses have amazingly 
high power, for they can resolve, without detectable distortion, 
the rulings of a Wallace replica grating with 25,000 lines to the 
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inch. In a hanging drop upon a cover-glass, red blood cells can 
be easily observed with them, and small bacteria like Escherichia 
coli, after a little practice. It was more difficult, but nevertheless 
possible, to see the unstained bacteria in fine capillary tubes. 
As van Cittert (1933) points out, a measure of dark-field illumina- 
tion occurs at the meniscus in the capillary, but I was unable to 
observe the bacteria in this region. In my observations, direct 
light was used, either from a microscope lamp or from the north 
sky. 

The second groiip of experiments was the result of a discussion 
with Prof. E. G. Hastings^ and Prof. E. B. Fred of the University 
of Wisconsin, who suggested that the curvature of a drop of fluid 
should give the effect of an additional lens (thereby adding to the 
magnification of objects suspended within it), and further, that 
the droplet might produce a dark-field effect under proper il- 
lumination. 

Attempts to test these ideas upon bare drops of cell suspension 
met with indifferent success, because manipulation was neces- 
sarily slow, and the small drops evaporated and changed in curva- 
ture too rapidly to permit confident observation. This difficulty 
might be controlled in a room of high relative humidity, but such a 
room was not available; moreover, the experimental conditions 
were unattractive and probably not comparable to those under 
which Leeuwenhoek worked. It might be possible also, as Pro- 
fessor Hastings suggests, to feed a hanging drop from a capillary 
tube and thus to compensate for the evaporation. 

However, there was an obvious and more practicable alterna- 
tive in covering the droplet to protect it from evaporation and to 
preserve its shape. This was accomplished by placing the fluid 
in a spherical bulb, 1 to 3 nun. in diameter, blown on the end of a 
fine capillary tube. A number of these were made and filled 

> I am indebted to Professor Hastings for submitting the results of the pre- 
liminary experiments which he had performed alone, and in collaboration with 
Professor Fred and the late Professor Mendenhall. Dr. Hastings states that he 
was able to show that yeast cells could be seen in a drop of water suspended 
from a support, with magnifications which did not reveal the cells unless the drop 
itself had some r 61 e in the magnification. 
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with pepper-infusion, or suspensions of red cells or bacteria. 
Examination of these preparations with the fused glass spheres 
mentioned above confirmed the first observations. A small de- 
gree of additional magnification (about 1.5 X) was observed, 
especially in the smallest bulbs. Moreover, rather good dark- 
field effects were obtained by inspecting the bulbs under suitable 
lateral illumination. 

I have used also a copy of a Ijeeuwenhoek microscope having a 
small lens (presumably unground, like the above) before which 
was adjusted one of the spherical bulbs containing a cell suspen- 
sion. Red cells, bacteria and minute particles were seen with 
good definition on frontal illumination, but the observations were 
rather arduous. As to this, Leeuwenhoek said: "and in the 
close inspection of 3 or 4 drops, I may indeed expend so much 
labor that the sweat breaks out on me.” Under lateral illumina- 
tion, striking dark-field views were obtained. Additional magni- 
fication, of the order of 2 X, was secured by taking advantage of 
the following fact. When a bubble of air is introduced into a 
spherical body of water, particles in the proximal air-water sur- 
face are magnified, while those in the distal surface are diminished 
in apparent size. A few air-bubbles were therefore admitted into 
the bulb and focus was directed upon the material collected 
in the near surface of one of them. The cells were not only 
magnified there, but they remained in a relatively fixed position 
with reference to the lens, — an appreciable aid in the troublesome 
manipulative details. By working in a dark-room and employ- 
ing lateral illumination with proper shading, this procedure en- 
abled me finally to see red cells well magnified in dark-field view, 
“like sand-grains on black taffeta.” 

In my last group of experiments, observations were tried with 
the lens immersed in the cell suspensions. This was accomplished 
by first tracing a ring of vaseline around the rim of the lens aper- 
ture to prevent seepage of fluid, and then depositing a large (3 
mm.) drop of suspension centrally over the lens and its frame. 
After some practice, it was possible to see red cells and bacterial 
masses within the drop rather clearly. Visualization of single 
bacteria was also obtained, but this required considerable effort. 



346 


BAKNETT COHEN 


However, on observing the fluid as it slowly evaporated down, 
there came into sharp focus the surface of the drop and the myr- 
iads of cells and particles collected in that region. An approach 
to dark-field illumination was also obtained by the immersion 
method, but this was not investigated further. It is obvious, of 
course, that immersion increases the effective magnification and 
resolution of the lens. 

In summary, it may be stated that one can augment the effec- 
tiveness of a simple lens by suitably utilizing the inherent optical 
properties of the spherical drop of fluid containing the objects 
under observation. The advantages of a water-immersion ob- 
jective are too well known to require conunent; but the added 
advantage of what amounts to the superposition of a relatively 
thick meniscus lens (of water) may be worthy of mention. There 
is apparently no way to prove that Leeuwenhoek did actually 
employ either of the simple devices set forth above; but certainly, 
their production was well within the facilities and competence of 
that clever manipulator. At any rate, the experiments described 
herein offer at least two plausible explanations of the secret 
method that he so jealously guarded. 
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Influence of Drying upon Soil Used 
AS A Medium for Bacteria. H . J . 
Conn and Mary Darrow, New York 
State Agricultural Experiment Sta- 
tion, Geneva, New York. 

Bacterium radiobacter has been in- 
oculated into sterilized soil, after 
bringing it to optimum moisture con- 
tent and adding nutrients sufficient to 
assure good growth of the organism 
Its numbers have then been determined 
by use of the microscope. Under op- 
timum conditions the counts reach 
about two billions per gram. In some 
soil samples, however, it was found that 
no matter what nutrients were added 
the organism was not able to multiply 
to much over one billion, if it even 
reached that figure. Some unfavorable 
condition seemed to be holding it in 
check. 

As the soils in which its members re- 
mained low had all been for some time 
in air-dry condition, the effect of vary- 
ing moisture content was studied. 
Til is study has now been made on three 
different soils, and it has been found 
that keeping them moist for about two 
weeks before adding the nutrients and 
sterilizing does improve them as a 
medium for the growth of this organ- 
ism. Best results were obtained when 
the soil was kept for this period mois- 
tened to about 30 to 35 per cent of its 
water-holding capacity. After two 
weeks at this moisture content, how- 
ever, these soils become less favorable 


for the organism. No explanation of 
the phenomenon is yet offered. 

Paper Mill Sanitation in Relation 
TO THE Manufacture op Food 
Wraps and Containers. J . R . 
Sanborn, New York State Agricul- 
tural Experiment Station, Geneva, 
New Y"ork. 

The making of paper containers for 
such a perishable and easily contamin- 
ated product as milk gives paper 
manufacture increased public health 
significance. Certain types of con- 
tainer board are heavily contaminated 
with coliform organisms; in other cases, 
spore-bearing bacteria, micrococci, or 
filamentous fungi may predominate. 

Uncontrolled development of micro- 
organisms in pulp and paper mills pre- 
sents serious obstacles to quality in 
paper wrappers and containers. Ac- 
cumulations of growth as stringy or 
gummy masses interfere with produc- 
tion and result in spotting and in lack 
of uniformity and strength. Dis- 
coloration and decomposition processes 
in stored pulp or stock definitely affect 
quality, as well as the presence of ob- 
jectionable odors, which are sometimes 
transferred from pulp to finished paper. 

Strict microbiological control of pulp 
and paper operations is successful in 
preventing such difficulties and also 
sets a sanitary standard for plants 
engaged in fabrication and handling of 
food wraps and containers. Programs 
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for control include general sanitary 
practices, systematic slime prevention 
measures, chemical treatment of proc- 
ess water designed to reduce bacterial 
numbers in pulp, and handling of sheets 
so as to render them suitable for direct 
contact with such foods as milk and 
meat. Wrapper and container board 
for foods should, upon leaving a mill, 
conform to sanitary and bacteriological 
standards. 

Prevalence of Human Infection 
With Trichinella Spiralis. 0. R . 
McCoy i Department of Bacteriology, 
School of Medicine and Dentistry, 
University of Rochester, Rochester, 
New York. 

A Modification op the Fibrinolytic 
Test for Streptococci. J. M. 
Sherman^ F. R. Smith and C. F. 
NivaUj Laboratory of Bacteriology, 
Cornell University, Ithaca, New 
York. 

Recent Attempts to Stabilize Bac- 
teriological Nomenclature. R. 
S. Breeds New York State Agricul- 
tural Experiment Station, Geneva, 
New York. 

An Evaluation of Formate-Ricino- 
LEATB Broth for the Detection 
of Colon Organisms in Raw and 
Pasteurized Milk. I. C. Gunsalus 
and C. N. Stark, Laboratory of Bac- 
teriology, Cornell University, Ithaca, 
New York. 

Six hundred fifty-five samples of pas- 
teurized milk from various parts of 
New York State during different sea- 
sons have been tested in formate-ricino- 
leate broth for the presence of members 
of the Escherichia-Aerohacier genera. 
Of these, 147 gave positive presump- 
tive results, 144 of which confirmed 
according to Standard Methods. Two 


of the three unconfirmed samples 
yielded slow lactose-fermenting mem- 
bers of the Escherichia genus, and the 
third a related species which belonged 
to the Escherichia or Salmonella genus. 

In comparative tests on 221 samples 
of pasteurized milk, formate-ricino- 
leate broth, brilliant green 2 per cent 
bile broth, enrichment in standard 
lactose broth (24 hours* incubation) 
followed by inoculation into formate- 
ricinoleate broth, enrichment in 
buffered lactose broth (24 hours* in- 
cubation) followed by inoculation into 
formate-ricinoleate broth, gave approx- 
imately the same number of positive 
presumptive tests. A slightly higher 
yield of positive presumptive tests 
was indicated for the brilliant green 
bile broth, but some of these were due 
to anaerobic spore producing rods. 

Of 99 samples of raw milk tested in 
formate-ricinoleate broth, 56 gave 
positive presumptive tests. Of these, 
47 confirmed according to Standard 
Methods. From five of the nine 
sample which did not confirm slow 
lactose-fermenting Aerohacter organ- 
isms were isolated; from the other four 
samples Proteus organisms which were 
able to produce gas from formate, were 
isolated. 

Fifty-three organisms which, ac- 
cording to Standard Methods, yield 
false presumptive tests were found to 
belong to the Proteus Aerohacter and 
Escherichia and related groups 

Citratb-Ricinolbatb Agar fob the 
Dbtbction of Eschbrichia, Abro- 
bactbb, and Protbolttic Gram- 
Negative Rods in Milk. Af. L. 
Littman and C. N, Stark, Labora- 
tory of Bacteriology, Cornell Uni- 
versity, Ithaca, New York. 

The composition of the citrate- 
ricinoleate agar used was: 0.5 per cent 
peptone; 0.1 per cent sodium ricino- 
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leate; 0.4 per cent sodium citrate 
(NasCeHfcOT-Si HiO); 0.2 per cent so- 
dium nitrate; 1.5 per cent agar; neutral 
red 1/20,000; and brom thymol blue 
1/20,000. The pH was 7.0. The 1 cc. 
inoculations of milk add to the citrate 
ricinoleate agar approximately 0.5 per 
cent lactose. 

The ability of sodium ricinoleate to 
inhibit the growth of organisms as- 
sociated with false tests was demon- 
strated in this medium. Sodium 
nitrate is used to prevent the produc- 
tion of gas which would cause explosion 
of the agar and make accurate counting 
of colonies difficult. Aerobacier and 
proteolytic organisms produce an al- 
kaline reaction from sodium nitrate, 
but this salt is not used as the sole 
source of carbon. On this medium 
containing neutral red, Escherichia 
organisms, able to produce acid from 
lactose, but unable to attack citrate, 
appear as large red colonies. Aero- 
bacter organisms, able to attack citrate, 
show an alkaline reaction, signified in 
the presence of brom thymol blue by 
the production of a blue green color. 
Proteolytic organisms can be detected 
on this medium, containing 10 per 
cent milk, by the presence of a clear 
zone around the colonies. These zones 
may be made more conspicuous by 
flooding the plates with an acid solution 
of bichloride of mercury or another 
similar substance. 

Plating milk samples of citrate- 
ricinoleate agar makes possible the 
differentiation and enumeration of 
Escherichia^ Aerobacier^ and proteoly- 
tic Gram-negative rods. 

A Comparison of Brilliant Green 
Lactose Bile and Formate Ricino- 
leate Media for the Detec- 
tion of the Escherichia-Aerobac- 
ter Group in Milk and Ice Cream. 
H. W. Leahy t Rochester Health Bu- 


reau Laboratories, University of 
Rochester, Rochester, New York. 
The relative effectiveness of brilliant 
green lactose bile broth 2 per cent and 
of formate-ricinoleate broth for the 
routine detection of the Escherichia- 
Aerobacier group in pasteurized milk 
and ice cream has been studied. Of 
542 samples (369 milk and 173 ice 
cream), 219 gave positive presumptive 
tests in each medium; of these, 197 
were confirmed from brilliant green 
lactose bile broth and 192 from formate- 
ricinoleate broth. The per cent con- 
firmation, therefore, was 90 per cent 
and 88 per cent respectively. An 
analysis of these data was made by an 
adaption of Halvorson and Ziegler’s 
method. It showed that the two media 
were equally useful for the routine de- 
tection of the Escherichia- Aerobacier 
group in pasteurized milk and ice 
cream. 

Rabbit Fibroma to Myxoma Trans- 
formation with He at- In activ- 
ated Myxoma Elementary Bodies. 
George P. Berry ^ Department of Bac- 
Bacteriology, University of Roches- 
ter, School of Medicine and Den- 
tistry, Rochester, New York. 
Experiments from our laboratory 
have been reported as showing that the 
virus of Rabbit Fibroma (Shope) can be 
changed into that of Infectious Myxo- 
matosis (Sanarelli). In these trans- 
formation experiments, rabbits were 
inoculated with suitable mixtures com- 
posed of active fibroma virus and 
heat-inactivated myxoma virus, the 
latter being present in heavy suspen- 
sions of myxomatous skin lesions. Be- 
sides myxoma virus, these crude 
suspensions obviously contained a host 
of other things. It was possible, there- 
fore, that the ‘transforming agent” 
might not have come from the virus, 
but from the infected host. The work 
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described below not only indicates that 
the “transforming agent” is derived 
from myxoma virus, but also adds 
strong confirmation to our interpreta- 
tion that fibroma virus is actually 
changed into myxoma virus. Through 
the kindness of Dr. T. M. Rivers, we 
have been able to work with suspen- 
sions of washed elementary bodies of 
myxoma, prepared in his laboratory at 
the Rockefeller Institute. These sus- 
pensions are essentially free of rabbit 
tissue and produce myxomatosis in a 


dilution of 10^ Heating them at 65®C. 
for 30 minutes renders them completely 
non-infectious. In 5 experiments with 
3 different myxoma elementary body 
suspensions, inactivated at 65®C. and 
at 75°C., w'e have transformed fibroma 
virus into myxoma virus. 

Factors Influencing the Rate of 
Lactic Fermentation. Olio Rahn, 
C. P. Hegarty and E. P. Deuel^ The 
Laboratory of Bacteriology, Cornell 
University, Ithaca, New York. 


EASTERN PENNSYLVANIA CHAPTER 

One Hundred and Twenty-fifth Meeting, Philadelphia County Medical 
Society Building, Philadelphia, Pennsylvania, May 25, 1937 


Bacterial Type Transformation. 
Hobart A. ReimanUf Jefferson Hos- 
pital, Philadelphia. 

Bacterial typo transformation has 
been discussed for years in regard to 
many bacteria and viruses. The theo- 
retical importance of type transforma- 
tion in regard to infectious disease and 
to epidemiology is obvious. 

In 1934 a strain of Micrococcus teira- 
genus was obtained from the blood of a 
patient with meningitis and arthritis. 
The organism produced white colonies 
which, upon aging, developed yellow 
daughter colonies and a third or trans- 
lucent form. Subsequently pink, pink- 
yellow and brown colonies appeared, 
each of which bred true. They were im- 
munologically distinct types. Sponta- 
neous transformation from one type 
into another was repeatedly observed, 
it being an apparent chance phenom- 
enon rather than forced variation. 
Each type was dissociated into its M, 
S and R culture-phases; 15 variants of 
the original white form being isolated 
and studied. 

The various forms exhibited constant 
differential cultural preferences for 
different ranges of temperature and 


hydrogen-ion concentration of media, 
and different degrees of resistance to 
various bactericidal influences. The 
white form, as derived from the patient, 
grew l)est at temperature, CO 2 tension 
and pH ranges similar to those found 
in vivo. It appeared that type trans- 
formation and culture-phase variation 
w’ere phenomena which permitted a 
bacterium to exist in a wider range of 
environmental conditions. 

The Effect op Dietary Minerals 
UPON Host Resistance. Charles F. 
Churchy Department of Pediatrics, 
School of Medicine, University of 
Pennsylvania and Children's Hos- 
pital of Philadelphia. 

The effect of diet upon host resist- 
ance has been tested in 2000 mice of 
three inbred lines. The animals were 
inoculated by stomach tube with 0.005 
cc. of an 18-hour broth culture of SaU 
monclla enter Uidia (3 to 5 million organ- 
isms) . The stock culture used through- 
out the work has been kept on agar 
slants in the ice-box and has shown no 
change in virulence. 

Groups of 20 mice of the same genetic 
and dietary background were compared 
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on each experimental diet. The sur- 
vival per cent at four weeks after 
inoculation was taken as the index of 
host resistance. 

Five groups of Line A (Rockefeller 
Institute Resistant) mice on the stand- 
ard purified diet showed a mean sur- 
vival of 91.0 per cent i 2.9 (standard 
deviation). When the mineral content 
of the diet was reduced to one-fourth 
that of the standard, leaving all other 
factors unchanged, the survival in five 
groups of A-line mice was 67.5 per cent 
db 4.6. The odds against this differ- 
ence being the result of chance are 
20 , 000 : 1 . 

When calcium only was reduced in 
the diet (from 149 mgm. per 100 calories 
to 28 mgm.), the survival was dimin- 
ished from 90 to 64 i)er cent. The odds 
against this being a chance result are 
1300:1. 

These low-mineral and low-calcium 
diets were satisfactory for mainte- 
nance and health of uninoculated adult 
mice over periods of months. 

It is concluded that calcium is a 
limiting factor in the host resistance of 
Line-A mice to Salmonella enieritidis 
infection. 

Staphylococcus Studies. I. Toxin 
Production. E. I\ Casman, Abing- 
ton Memorial Hospital, Abington, 
Montgomery Ck)unty, Pa. 

A study of the conditions for the pro- 
duction of staphylococcus toxin was 
made. It w^as found that a veal infu- 
sion medium containing 2 per cent 
Difeo proteose peptone, 0.7 per cent 
sodium acetate, 0.6 per cent sodium 
chloride and 0.3 per cent agar and 
sterilized in the autoclave was superior 
to a veal-infusion-free medium contain- 
ing 2 per cent proteose peptone, 0.7 
per cent sodium acetate, 0.6 per cent 
sodium chloride, 0.1 per cent potassium 
ohosphate (dibasic), 0.1 per cent potas- 


sium phosphate (diacid), 0.02 per cent 
magnesium sulfate, 0.01 per cent cal- 
cium chloride and 0.3 per cent agar. 
Sterilization of veal infusion media by 
filtration did not result in an increase 
of toxin production. When the medium 
was adjusted to pH 6.8, a gaseous 
atmosphere of 80 per cent oxygen and 
20 per cent carbon dioxide and an incu- 
bation period from 48 to 60 hours gave 
the best toxin yields. 

Dialysis of a veal infusion medium 
through cellophane removed most of 
the substances that could be precipi- 
tated by saturation wuth ammonium 
sulfate and made possible the prepara- 
tion of a relatively pure toxin by means 
of ammonium sulfate precipitation. 
Yeast extract enriched with dialyzed 
proteose peptone and 0.7 per cent 
sodium acetate was equally efficient 
in the production of a potent toxin 
that could be purified by precipitation 
with ammonium sulfate. 

Concentration of Staphylococcus 
Toxoid by the Kidneys. E. P, 
Gasman, Abington Memorial Hospi- 
tal, Abington, Montgomery County, 
Pa. 

After intravenous injections of 
staphylococcus toxoid into rabbits 
w'hose sera contained no appreciable 
staphylococcus antitoxin, heart blood 
and bladder urine specimens were 
taken and these titrated for their toxoid 
contents. The concentration of toxoid 
in the urine specimens after the toxoid 
injection was always higher than that 
in the blood serum samples obtained 
after injection of the toxoid. The 
degree to w'hich the toxoid w^as concen- 
trated by the kidneys varied inversely 
w'ith the amount of urine excreted. 
When, for example, 0.016 cc. of urine 
was excreted per minute, the urine 
contained 60 times more toxoid per 
cubic centimeter than did the blood 
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fierum. When 0.35 cc. of urine was 
excreted per minute, the degree of 
concentration effected by the kidneys 
was only 2.6 fold. 


Degenerative Changes or the Neu- 
TROPHiLEs IN Clinical and Experi- 
mental Observations. Max M. 
Sirumia, The Bryn Mawr Hospital, 
Bryn Mawr, Pa, 

Critical study of results of blood 
examination of 136 cases of lobar 
pneumonia in adults shows that very 
valuable data for the prognosis may be 
obtained. The elements essential to 
the prognosis in increasing order of 
importance are absolute number of 
lymphocytes, monocytes and eosino- 
philes, and percentage of cells showing 
cytoplasmic or nuclear degenerative 
changes. The percentage of young 
cells (nuclear shift or Schilling’s index) 
is too variable to be of much impor- 
tance. It may generally be stated that 
if the percentage of young neutrophiles 


is constantly low the case will probably 
have a favorable outcome but if the 
percentage of young neutrophiles is 
high then the outcome may be almost 
anything. 

Lymphopenia, monopenia, eosino- 
penia and a high number of degenerated 
cells are very definitely unfavorable 
signs. It is essential that the follow- 
ing points be thoroughly covered: 
first, judgment should be based not on a 
single count but on a series of counts 
taking into consideration the variations 
of the various groups of cells from day 
to day. Second, the preparations 
must be technically uniform and as 
good as can be obtained . Third, corre- 
lation must be established between 
the blood picture and the clinical 
course. 

The prognostic value of the blood 
examination is particularly important 
because changes in the blood picture 
usually take place a considerable period 
of time before a corresponding change 
in the clinical picture. 



THE SEROLOGICAL CLASSIFICATION OF GONOCOCCI 
BY COMPARATIVE AGGLUTINATION 

WOLFGANG A. CASPER 
477 First Avenue, New York City 
Received for publication Jan. 11, 1937 

It is only recently that serological methods have attained 
practical significance in the diagnosis of gonococcus types. 

Torrey (1907) and Teague and Torrey (1907) demonstrated 
differences of type in different strains of gonococci by agglutina- 
tion as well as by complement fixation and, in addition, by precip- 
itation in rabbit immune sera. They examined 10 strains, of 
which 6 could be classified into 3 serological groups. In a later 
investigation, Torrey and Buckell, (1922) by serological examina- 
tion, endeavored to obtain data concerning the frequency of the 
individual types in a large number (77) of strains, some of which 
were twelve years old. Since they encountered great difficulties 
in the production of suitable diagnostic .sera, they obtained un- 
satisfactory results both by agglutination and absorption. They 
assiuued that the gonococcus antigen is very unstable as they 
did not find any sharp differences of types in the 3 serological 
groups (regular, intermediate, irregular) which they finally 
established. They found several strains whose sera had a very 
great range of reaction so that the majority of the different 
strains of gonococci examined were able to absorb several of these 
9 sera for the homologous strains. On the other hand, it was 
not found that all the strains which furnished the overlapping 
and apparently very good sera, were identical. They were by 
no means able to absorb all the antisera of those strains which, 
on their part, had absorbed these “sera with wide antigenic 
valency.” 

These authors, therefore, could not combine all the strains 
which absorbed exactly the same sera, into one group as the 
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groups would overlap with each other. They finally assigned 39 
strains which had absorbed the majority of the 9 sera to the 
“regular” group, 18 strains which had only partially or totally 
absorbed a few of the nine sera to the “intermediate” group and 
19 strains which had absorbed none of the sera to the “irregular” 
group. They also observed that with cultivation for a longer 
period of time an irregular type changed into a regular type. 
They stated, therefore, that, despite the unstable nature of the 
gonococcus antigen, there is a general tendency to revert to the 
regular type. Consequently, they believe that it is not logically 
permissible to speak of “types” per se. 

The investigations of several other authors have not led to 
concordant answers to this question. Direct examination of 
patients' sera by the commonly used antigens of “wide valency” 
could not, for understandable reasons, lead to definite conclusions 
(experiments of M. Stern). 

'Tulloch (1922) examined only freshly isolated strains from 
acute and subacute gonorrheal urethritis of males for their types, 
using only one high titer rabbit immune serum and its homologous 
strain. With this antiserum he selected those strains which, 
by absorption, decreased the titer of the immune seru m for its 
homologous strain to J or J of its original value. These strains 
were assigned to type I. He found 43 strains which decreased 
the titer to less than | and 29 “closely related” strains which 
decreased the titer to less than | of its original value. The re- 
maining 28 strains did not influence the titer of the type I serum 
at all or only lowered it to §. At the end of both series, the re- 
maining strains were further classified by absorption, using 
antisera some of which were obtained from old and some from 
freshly isolated heterologous strains. Twenty strains could be 
identified by means of 4 sera, 3 of which certainly belonged to 
completely different serological groups. Eight strains remained 
uncertain. Nevertheless, 'Tulloch classified his type I strains 
according to the height of titer of agglutination. 

Atkin (1925) has objected not only to the investigations of 
Torrey and Buckell but, in general, to the entire serological clas- 
sification. 'This author had already applied cultural methods of 
differentiation on special media (alkaline pea-broth agar in a 
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semi-solid state) to meningococci with particular reference to 
colony morphology. He made a comparison between Gordon’s 
t 3 T)e II meningococcus and a strain of the same author’s type I, 
which had been cultivated for a long period of time, and showed 
that such a degenerated type I could not be differentiated from 
a type II on the basis of colony morphology. When incubated 
for a long period of time on this culture medium, the shape of 
the freshly isolated and undegenerated type I could be easily 
distinguished because it formed papillae and exhibited a char- 
acteristic form of colony with a halo while type II had neither 
papillae nor halo. 

Atkin found quite analogous varieties of gonococci and has 
established a parallelism of sharp serological differences between 
the antisera of both of these colony types. He was able to show, 
in a comparative study of a great number of chronic and of some 
acute cases of gonorrhea, that gono(;occi which had been isolated 
from chronic cases were acted upon by a type II serum obtained 
from a 2-year-old cervix strain which exhibited all the charac- 
teristics of a degenerated type I or were influenced by the sera 
of both types. Gonococci which had been isolated from acute 
cases were agglutinated either by the serum of a strain which 
formed papilla-bearing colonies (tspe I) or remained altogether 
unaffected by either serum. 

However, these investigations did not clarify the question of 
the importance and frequency of the single types of gonococci. 

Another method, namely, the cuti-reaction, has played an 
equally important r61e in the indirect demonstration of gonorrhea 
by immunological procedures. Because of the sensitivity of 
healthy individuals, however, this reaction was repeatedly re- 
jected. This sensitivity was a consequence of the use of suspen- 
sions of gonococcus cultures or its soluble extracts as test antigens. 

In a preceding paper (Casper, 1930) we have demonstrated 
that in a great number of cases a protein-free derivative which 
had been obtained from a gonococcus strain designated by us as 
type I, gave a strictly specific reaction, i.e., normal persons were 
not at all affected, while gonorrheal individuals, as a rule, showed 
characteristic skin reactions. 

As was emphasized in that paper, this antigen was obtained 
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from a strictly type-specific gonococcus strain which was not 
agglutinated by a high-titer heterologous antiserum. The antigen 
was examined by precipitation with the antisera of both types 
and was demonstrated to be strictly type-specific. Conversely, 
the protein-free antigen obtained from the more infrequent type 
II was also found to be strictly type-specific. 

The purpose of the present paper is to report the results of the 
fundamental diagnostic agglutination tests which preceded the 
production of these type-specific antigens (Casper, 1937). In 
these agglutination tests for the recognition of the different types 
of gonococci we started with the assumption, in accordance with 
earlier experiments on pneumococci, that strains from fresh cases 
should be most suitable for the demonstration of type charac- 
teristics. TuUoch also followed this principle and laid stress 
on the fact that he limited himself to only acute and subacute 
cases of gonorrhea. We have gone even further and have ex- 
amined, in general, only quite recent, untreated cases. In addition, 
we attempted, above all, to demonstrate the existence of 2 types 
which were completely different from each other and which were 
not overlapping in agglutination. This requirement appeared 
to be necessary because, in the case of pneumococci Avery and 
Heidelberger found that carbohydrates of a specific chemical 
structure represent the type-determining factor and that auto- 
lyzed type-specific cultures react with the antisera of heterologous 
types. In the same way a partially degenerated culture might 
show an overlapping reaction. In such cases, therefore, these 
types could be differentiated from each other only by an absorp- 
tion test. 

But, in the interpretation of an absorption test, the question 
always arises as to whether the overlapping reaction was caused 
by the common portion of the antigen or by the relationship of the 
type-specific factors. The solution of all these questions is 
simplified if, as in our experiments, the diagnostic sera are pre- 
pared with 2 completely different types which have no sort of 
relationship between the type-specific factors. 

Culture media: we have taken into consideration still another 
difficulty, namely, that cultures on artificial media frequently 
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tend to agglutinate spontaneously in saline or in normal rabbit 
serum. In our experiments, we first used 5 per cent horse blood 
agar and later the blood-water agar (Casper, 1929) on which 
gonococci showed an optimum growth and did not degenerate so 
quickly. But even when the best possible culture media are 
selected the tendency towards spontaneous agglutination cannot 
always be excluded. Therefore, we never use such strains for the 
production of antisera and have considered them separately in 
establishing the frequency of the tsqies. 

Preparation of serum: in the preparation of our first batch of 
sera we followed the precautionary measures advised by Tulloch 
namely, the use of killed vaccines in order to avoid autolysis and 
the production at one time of all the antigen necessary for the 
entire process of immunization. Although Torrey and Buckell 
consider the temperature of 60°C. used by Tulloch as too high 
and deleterious to the antigen, we obtained good results with 
this method. But we also obtained good sera with living cul- 
tures which had been freshly prepared for each injection if the 
strains used had not been isolated too long previously. We 
obtained a good serum from a 1-year-old laboratory culture of 
our strain 1 (type I). Other strains of this age, however, were 
not suitable because they overlapped too much. 

A partly living, partly dead vaccine was injected intravenously 
every 4 to 6 days in increasing doses of 1,3,1 to 16 loops. After 
the injection of 8 loops, a trial bleeding was made and agglutina- 
tion tests performed. After the injection of 16 loops, the animals 
were exsanguinated and phenol added to the serum. 

To find suitable types we proceeded in the following manner: 
rabbits were first immunized with 3 freshly isolated strains. 
The sera of these 3 strains proved to be identical in the absorption 
and had a titer of 1 : 800 to 1 : 1600. A number of freshly isolated 
strains were then examined for agglutination in 1:25 to 1:1600 
dilutions of these 3 sera. The sixth and seventh strains examined 
did not react at all with these sera, not even in the strongest 
concentration (1:25). A high-titer antiserum was prepared with 
one of these strains. This antiserum strongly agglutinated the 
second strain which also did not react with type I serum. The 
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type I strains (1 to 3), on the other hand, remained completely 
(1:25) uninfluenced. From this it was concluded that the type- 
specific factors of both types were completely different from one 
another. In a manner similar to that used with pneumococci, 
therefore, it seemed possible to make a classification of types 
by means of simple agglutination without the use of the absorp- 
tion test. 

Representative results are shown in table 2. We regarded as 
definitely type-specific only those strains which were agglutinated 


TABLE 2 


Flan for the classification of the specifically agglutinating type I and type II groups 
and the strains belonging to other subgroups according to their content of 
co-agglutinins and the titer of the specific agglutination 


GROUP 

TITER or COMPARATIVE AGGLUTINATION IN j 

Type I sera 

Typo II sera 

la 

800 to 16004* 

25- to 504- 

b i 

4004* 

25— to 504* 
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800 to 16004- 

1004* 
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16004* 

2004- 
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400 to 8004* 

100 to 200+ 

2a 
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800 to 1600+ 
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25- to 50-f 

400+ 
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2004- 

1600+ 
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400 to 800+ 
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25- 
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CO-AQOLUTINATION 


BATIO OF TXTBR 

TTPE i:ttfb n 


None or slight 
Relatively strong 


16:1 

8:1 

8:1 

8:1 

4:1 


None or slight 
Relatively strong 


1:16 

1:8 

1:8 

1:4 


None 


0:0 


by 1:400 to 1:1600 dilutions of the corresponding serum but 
which were not influenced by heterologous serum in dilutions 
greater than 1:50. If co-agglutination took place up to 1:100 
or to 1:200 but a higher titer was reached in the antiserum of the 
heterologous type we have likewise considered this strain as 
definitely classified. Differential diagnosis by comparative 
agglutination can still be made if a titer of 1:400 to 1:800 is 
followed by a co-agglutination in 1:100 to 1:200 heterologous 
antiserum. (Strains with the relatively high co-agglutination- 
agglutination titer ratio 1:4.) 
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Controls were done in all cases consisting of: (1) normal rabbit 
serum in various dilutions and (2) one control in saline. We 
regarded as uncertain all reactions in which a strain was spon- 
taneously agglutinated in saline (even to a slight degree) or 
influenced by normal rabbit serum. These we have gathered 
into a special group which will not be taken into consideration 
in the calculation of the frequency of the types. According to 
our preliminary tests with strains from chronic gonorrhea it 
seems that these strains, particularly, tend to agglutinate spon- 
taneously to a lesser or greater degree. 

In addition to both of these principal types, we distinguished 
those types which are not influenced by either serum and which, 
therefore, probably belong to another type (shown under the 
heading group 3 in table 2). 

Furthermore, strains which were sensitive to the same degree in 
both sera and strains which were only weakly sensitive in both 
sera (never more than 1:200) have been found. In the latter 
case a difference in titer in one serum of 1 : 200 and 1 : 50 in the 
other serum seemed to be insufiicient for diagnosis without the 
aid of the absorption test (cf. table 4). 

Since most of the strains could be typed by comparative ag- 
glutination, we have used the absorption test in only a small 
portion. In the absorption test, both sera were simultaneously 
absorbed for the respective test strain. The difliculties which 
resulted from this, especially in those cases in which the strains 
were degenerated as a consequence of long cultivation, will be 
later discussed in detail. 

The confirmation of the diagnosis by preparation of an anti- 
serum from the examined strain was relatively seldom necessary. 
However, sera were prepared with 18 strains. Moreover, puri- 
fied protein-free carbohydrate fractions (Casper, 1937) were also 
prepared from 6 strains and the type-specificity determined by ex- 
amination with both antisera. Conversely, some of the antisera 
were established as type-specific by precipitation tests with both 
carbohydrate fractions. 

In the following we report on the results of our investigations 
which extended over a period of several years (1927-1933). The 
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reason for this was that we scrupulously selected only acute un- 
treated cases of gonorrhea as the source of our strains. 

Table 3 shows the results obtained with 21 gonococcus strains 
with good controls. These could be immediately classified on 
the basis of differences in titer when they were tested simultane- 
ously with type I and type II sera. This table also shows that 
11 of the 21 strains remained perfectly homogeneous even when 
treated with the strongest concentration (1:50) of type II serum 
while they reacted to the maximum titer or at least to a 1:400 
dilution of type I serum. 

Three other strains (19, 26, 36) gave a -f- reaction with the 
heterologous type II serum but in no dilutions higher than 1:50; 
a fourth strain (41) also gave a reaction with a 1:50 dilution. 
Strain 41, however, reacted with a 1:1600 dilution of type I 
serum. All cases in which the titer is increased more than eight 
fold belong to our group la. 

Strain 11 which reacted db with a 1:400 and -f- with a 1:200 
dilution of type I serum and which did not react with type II 
serum should be classified with our group lb. 

Only with strains 42, 43, and 44 is the titer difference lower and 
co-agglutination somewhat higher. Strain 43, which has a four 
times higher titer ( -f- reaction in 1 :400 type I serum and 4- and 
d= reaction with 1:50 and 1:100, respectively, type II serum) 
belongs to group le. Strain 42, which reacts four times more 
strongly with t3^e I serum (1:800 ± and 1:400 -f) than with 
type II serum (1:200 ± and 1 : 100 +) also belongs to this group. 
Strain 44 which gives a -f reaction with 1 : 200 type II serum and 
a d= reaction with 1 : 1600 type I serum belongs to group Id. 

The last 3 strains examined (6, 7, 25) belong, undeniably, to 
type II. They all reacted with 1 : 800 type II serum while they 
showed a perfectly negative reaction with 1 : 50 type I serum. 

The reading of table 4, which presents the results of the in- 
vestigations of the second period, is somewhat more difficult 
because the results are not so clear cut. In it are found those 
type I and type II strains which can be classified only by ab- 
sorption as well as those strains which, according to the absorption 
test, are different from both types. Along with the absorption 



Comparison of the type I and type II strains of the second period (May 1930 to May 1931) which had clear controls by means of 

cross agglutination tests in type I sera (left) and type II sera (right) 

Dififerent kinds of antigen suspensions, heated suspensions of some of the strains were examined 
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Key to symbols: 

• Absorption tests were made with these strains. This symbol also indicates the type serum with which absorption 
successful. 

t Strain 51 was classified as a heterologous type. 

t According to absorption test, these strains (52, 62) were classified as belonging neither to type I nor to type II. 
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test the indirect method of identification was used, namely: 
examination of the agglutinins and precipitins produced by the 
immunization of rabbits with the strains in question. 

Moreover, the diagnostic sera I as well as II, have been 
changed several times. 

In the preparation of the antigen we have employed all possible 
variants. 

Of the 3 strains (47, 48, 49) which were heated to 100°C., 
only strain 49, which reacted four times more strongly in type I 
serum than in type II serum, could be identified as of type I by 
the difference in titer. 

Strains 47 and 48 could be identified as type II only with the 
aid of the absorption test. It is remarkable that strain 47 
reacted twice as strongly in a high titer II serum (25) and that 
strain 48 gave an equally low reaction (1:100) in both sera. 
According to our scheme, these two strains had to be assigned to 
groups 5d and 6b, respectively (table 5). 

Whether it can be concluded from this that the type II antigen 
is particularly sensitive to heat remains uncertain. The fact 
that, in testing the thermostability of the isolated type-specific 
carbohydrate fractions, precipitation with the undiluted type II 
substance decreased markedly after heating while the substance 
prepared from a type I strain withstood heating, speaks in favor 
of this conclusion. 

Two (65, 67) of the 7 strains, which were tested with the un- 
filtered I serum 41, reacted strongly with I serum and i to ^ 
as strongly with type II serum (groups lb and Ic, respectively). 

Strain 57 is a distinct type II as it does not react at all with I 
serum and gives a -f reaction in 1:400 II serum. Strain 56 
reacted ± in 1:200 I serum and -f- in 1:400, ± in 1:800 and 
=b 1 : 1600 II serum. 

In the determination of the end titer of the reactions carried 
out in several concentrations, we decided to count only the first 
± following a + reaction for the comparison of the titer with 
that in the heterologous serum. Experience had shown that 
when these weak reactions were repeated variations in the end 
titer were frequent. 
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Strains 51, 52 and 62 in the table occupy a special position since 
these 3 strains belong neither to type I nor to type II. Strain 
51, particularly, showed no reaction (— in 1 :25) in either tjTie I 
or type II serum. The 2 strains, 52 and 62, reacted in 1 : 100 
and 1 :400 I serum and 1 : 100 and 1 : 200 II serum and, therefore, 
are approximately the same in both sera. In the absorption test, 
however, strain 52 was unable to remove the specific agglutinins 
for either of these 2 types while strain 62, as a special type, 
removed the agglutinins from both sera. Of the 6 strains which 
were tested by the filtered serum 41f, 3 were heated to 56°C. 
and 3 were tested while living. Of the former, strains 76 and 78 
proved to be type I by comparative agglutination and belonged, 
respectively, to the groups le and Ic. The classification of 
strains 75 and 76 was confirmed by the production of an immune 
serum and the testing of its agglutinins. As further confirmation 
absorption tests were repeated with the immune serum. Strain 
75 had been previously identified as a type I by the absorption 
test. The high co-agglutination of strain 75 and the relatively 
high co-agglutination of strains 76 and 78 warrants the conclusion 
that the gonococcus antigen which gives an overlapping reaction 
is not destroyed by heating to 56°C. 

Of the 3 unheated cultures which were tested with serum 41f, 
strains 82 and 83 gave a -f reaction with 1:400, and strain 84 a 
+ reaction with 1 : 50 I serum. The reactions were reversed in 
type II serum, strain 84 giving a -f reaction with 1:800 and 
strains 82 and 83 negative reactions with 1:50 so that diagnosis 
can be clearly made. The classification was confirmed by the 
preparation of immune sera and the examination of their ag- 
glutinins. 

The last strain examined (72) showed itself to be a type II as 
it agglutinated to the end point (1 : 1600) in type II serum (57) 
while the I serum (la) with its overlapping valency agglutinated 
it only to 1:200, i.e., was as strong. In this case also the diag- 
nosis was confirmed by the preparation of an immune serum. 
Of the 17 strains tested, 7 were clearly type I and 3 clearly type 
II. Two other strains were proven to be type II by the use of the 
absorption test. The percentage of ts^ie I is, therefore, much 
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smaller in this series than in the first series. To these must be 
added the 3 strains classified as heterologous and the irregular 
strains excluded from this table. It seems possible, therefore, 
that an epidemiologically significant change in the types is 
taking place. 

In consideration of the importance of this problem, we decided, 
in 1933, to resume these experiments and give the results obtained 
with 15 strains with good controls. In these experiments, we 
used the diagnostic sera 82 (type I) and 84 (type II). These sera 
were prepared from the type-specifically reacting strains just 
mentioned shortly after their isolation. 

In this period again a definite preponderance of type I can be 
shown. Nine strains reacted strongly with type I serum and 
only weakly with type II serum. Of these, 2 reacted up to 1 : 100 
in type II serum and, therefore, belong to group le. 

Three strains reacted with a 1:400 to 1:800 dilution of type 
II serum and much less strongly with type I serum (1:25, 1:50). 
They, therefore, belong to groups 2c and 2d respectively. Three 
strains only reacted with 1:25 dilution of type I and type II 
senun. They, therefore, are heterologous types of group 3. 

Eight strains of this period, belonging to the “irregular” or 
“degenerated” strains will be discussed later. 

Absorption tests were not performed during this period. At 
this time, again, the majority of the strains could be easily 
classified by “comparative agglutination.” As in the first period, 
type I was predominant and the absorption test was unnecessary. 

If we divide the material thus far considered as to the fre- 
quency of types I and II and the heterologous types which can 
be identified by comparative agglutination, we find, in the total 
of 53 strains: 



TTPX 1 

TTPJB 11 

HXTBROXr* 

OQOUa 


TOTAtr 

First period 

18 

3 


0 

21 

Second period 

8 

6 


1 i 

17 

Third period 

9 

3 


0 

15 

Total 

In per cent 

85 

66% 

12 

22.6% 

5 

9.4% 

1 

1-8% 

53 
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If we make our judgment concerning the frequency of the 
types only on the basis of cases which are quite clear diagnos- 
tically, we find a great preponderance of type I in the first as 
well as in the third periods. Totalling the cases of all 3 periods, 
we find type I present in 66 per cent, a figure which approaches 
the result obtained by Tulloch (72 per cent). In the first period 
the percentage is much greater (85 to 86 per cent) ; in the second 
period type II is relatively more frequent (37.5 per cent) and 
type I more rare (50 per cent). In this and in the third periods, 
there occur 5 strains which are classified as belonging to “neither 
type I nor type II.” Two of these strains were thus classified 
by absorption and 2 by the complete absence of any effect by 
either serum. In addition, 1 strain (62) showed the striking 
characteristic that it could remove, to a high degree, the ag- 
glutinins for both types. We shall return to a detailed discussion 
of this — as yet not clearly explained — group of strains which 
seemed to play an important role in chronic gonorrhea. 

The irregular strains 

These figures do not correspond perfectly with actual condi- 
tions. They must be corrected by considering the results of 
irregular and degenerated strains. 

As “irregular strains” we understand those with which we did 
not obtain a clear result by comparison of the titer in both type 
sera. With some of these strains, neither serum was effective 
in dilutions higher than 1:200. In these cases, the objection 
might be raised that we are dealing only with co-agglutination, 
whereas, if a heterologous serum had been used a higher titer 
might have been reached. With other of these strains, on the 
other hand, both sera were effective in dilutions much higher than 
1 : 200. In all of these cases, the absorption test should have been 
used. But, just in these cases, the absorption test was unsuc- 
cessful. In order to achieve a uniform understanding with later 
investigators, we therefore tried to form a plan, for the classifica- 
tion, according to the height of the titer in the sera of both types, 
of those strains whose types could not be determined by com- 
parative agglutination. 
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The resume shows the frequency and the classification into the 
different groups for all 3 periods. 

In 8 cases we obtained a higher titer in type I serum than in 
type II serum ; in 5 cases the titer was higher in type II serum than 
in type I serum and in 8 cases the titer was exactly the same in 
both sera. Strong reactions (above 1 : 200) occurred eleven times 
among these and below 1:200 ten times. Of the 11 cases with a 
high titer, 2 showed a four times stronger agglutination (up to 

TABLE 6 


Plan for the classification of the irregular strains which had clear controls hut 
which could not be typed by means of comparative agglutination 
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IRBSOULAB 
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1:400 



1:400 

1:200 
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1:200 




1:200 

reaction in 

Serum type II 


1:25 

1:800 



1:400 

1:200 





1:400 




1:200 

Total 

21 

2 

4 1 1 

2 

2 

1 

3 

5 


1 Type I > Type II I 

Type II > Type I I 

Type I «• 


1 





1 

Type II 


1:3200) in type I serum than in type II serum. However, we 
did not feel justified in explaining the high agglutination (1:800) 
in type II serum as co-agglutination. Furthermore, the great 
number of strains which react exactly alike in both sera is striking ; 
among these were strains (31, 86 and 119) which had a titer of 
1:400 to 1:800 in both sera and 3 to 4 strains (55, 94, 104, 53) 
with a lesser titer (1:100 to 1:200) in both sera. As a whole, 
type I also predominates in these 21 cases. 
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Since in a few random tests absorption did not succeed and 
shed no light on the problem, it was not performed in these cases. 

THE DEGENERATED STRAINS 

In the group of degenerated strains we assembled all those 
which did not show perfectly homogeneous controls in saline or 
in normal rabbit serum. As was previously mentioned, we came 
to this conclusion by the experience that a reaction in saline or 
normal rabbit serum must be regarded as a sign of degeneration; 
and the results showed that such strains also acted very irregu- 
larly with immune sera. Such strains are probably also more 
sensitive in their reactions with the different immune sera which, 
in different animals, do not always contain equal quantities of 
normal agglutinins. 

Altogether we found 35 of these degenerated strains. In the 
first period, 8 strains were found to be degenerate. 

In a few cases, (strain 18), in which the reaction in type II 
serum is negative while it reaches 1:1600 in type I serum and 
± in 1:50 normal serum, perhaps the repetition of the test and 
titration of the normal serum would have shown that this strain 
was only transitorily influenced by normal serum. Another 
strain (27) too, which shows a homogeneous control in normal 
serum and only a slight ± reaction in saline, can be considered 
to be a type I only if one assumes selective influence by type I 
serum. However, we have recorded these strains here in order 
to show the different grades of degeneration. 

Table 6 combines the degenerate strains of the second and 
third periods. In it, however, are presented only those strains 
which showed differences in titer and which were examined by the 
absorption test or those similar to strain 77 which gave a ± 
reaction in normal serum and the same reaction in the sera of both 
types and, therefore, are to be considered as most probably of 
heterologous type. 

The strains examined by absorption (50, 61, 59, 73) are marked 
by a star. It was found that strain 61 absorbed the sera of both 
types to a large extent. 

Strains 50 and 73 showed clear controls during absorption and 
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exhausted the serum for their own antigen, an indication that at 
the time of the absorption test they had recovered from their 

TABLE 6 


Degenerated strains of the second and third periods 
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Key to symbols: 

• Absorption test showed that: Strains 50 and 73 were '‘neither type I nor 
type ir* — heterologous. Strain 61 was “type I and type II.“ The absorption 
test was unsuccessful with strain 59. 

1 9 strains which, similar to strain 59, were agglutinated to the end titer by 
the sera of both types must be added to the second period. Six of these were 
agglutinated by 1 :400 normal serum and 3 by 1 : 100 normal serum. Living suspen- 
sions of the latter were used as antigen. Nine strains which reacted like strain 59 
must be added to the third period. 

. Not done. 

degeneration. However, they were unable to influence the I 
and II agglutinins ; they therefore had to be assigned to the heterol- 
ogous types, with this result considered as not final. 
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Strain 59 could not even remove its own agglutinins, as one 
would expect from the experimental conditions applied. Strain 
61 absorbed the specific agglutinins from the sera of both t3^es 
to a high degree so that it is related to both of them. 

In the second period, strain 46 could be assigned to type I 
and strain 69 to type II on the basis of titer difference alone. In 
the third period, similarly, strains 115 and 101 could be classified 
as type II. 

Of the remaining strains not specified in this table, 9, which 
reacted like strain 59, must be added for the second period. Of 
these, 6 strains were agglutinated in dilutions of normal serum 
up to 1:400 and 3 up to 1 : 100. Nine strains of the third period 
agglutinated up to the end titer in both immune sera as well as in 
normal serum. 

In 23 of these 35 cases no indirect methods were applied. 
In 1 case the absorption test was unsuccessful and in the other 
11 a diagnosis could be made only with reservations. 

If we now take into account, in the classification of types, the 
results obtained in the examination of the irregular and de- 
generated strains, we get the following picture: 



53 STRAINS. GREATEST 
NUMBER or 
DIAGNOSED TYPES. 
STRAINS WITH GOOD 
CONTROUl 

74 STRAINS, 
WITH 
ADDITION 
OF THE 21 
IRREGULAR 
STRAINS 

109 STRAINS, SMALLEST 
NUMBER WITH 
ADDITION OF THE 35 
DEGENERATED 
STRAINS 

Type I 

35 

per cent 

66 

per cent 

47 3 

4 

per cent 

35 7 

Type II 

12 

22 6 

16 2 

3 

13 7 

Heterologous 

5 

9 4 

6.7 

3 

7.4 

Type I and II 

1 

1 6 

13 

1 

3.6 

Not classified 

0 


1 28 3 

24 

39.4 

Altogether a diagnosis was 
made in per cent 


100 

71 5 


60 6 


From this summary it is obvious that the number of type I 
strains, after addition of the degenerated and undiagnosed ir- 
regular strains omitted in the first summary, is relatively much 
smaller but, nevertheless, constitutes almost half of all the 
strains. Type II is the most frequent of the other types. 
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Altogether we find 71.1 per cent of the cases diagnosed. In 
this number about 10 per cent (11) of the degenerated strains, 
in which the diagnosis was made with reservations, are not 
included. 

We consider this a favorable result for the evaluation of our 
methods; for, as we mentioned above, no definite conclusions 
as to the degenerated strains and, as will be shown later, as to 
most of the cases, can be drawn from the use of the absorption 
test. Therefore, according to our experiences with strain 59, 
it cannot be expected that the results of absorption tests with the 
21 irregular strains would have essentially decreased the percent- 
age of type I. 

Even 47.3 per cent would mean a great spread of the strains 
which we have designated as type I. Of course, it seems impor- 
tant to us that 16.2 per cent belong to type II. 6.7 per cent 
of the cases, we designate as heterologous, are also epidemi- 
ologically important. The percentage, like that of type II, 
varied in the different periods. 

On the other hand, the type designated by us as “related to 
types I and II" seems to have a lesser significance in acute cases 
of gonorrhea, although among the irregular strains there were 3 
which reacted equally high in both sera and 5 which reacted to a 
lesser degree in both sera and which, perhaps, should be assigned 
to this type. This type seems to be of rather great significance 
in the strains isolated from cases of chronic gonorrhea. 

THE 8TBAIN8 FBOM CHBONIC GONOBBHEA 

We have examined only a few strains from chronic gonorrhea 
(6 in the first period and 10 in the second) ; all these strains had 
a certain tendency towards agglutination in normal serum; 2 
strains were also agglutinated in saline. The majority of them, 
therefore, have been classified with the degenerated strains. 

It was found that all these strains were highly affected by the 
sera of both types. This could also be proven by the absorption 
test which was performed with 5 of these strains (34, 37, 38, 
predominant strain (Tulloch) and 81 which showed clear con- 
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trols.) They all absorbed the I and II agglutinins to the same 
extent. 

In regard to the frequency of occurrence, this behavior is 
characteristic of the chronic strains. It is true that this behavior 
is in contrast to that of pneumococci. No parallel can be drawn 
with this organism, even when it has lost its specificity. How- 
ever, the possibility of the relationship of 2 t 3 q)e-specific sub- 
stances, different from each other, to a third, should not be re- 
garded as outside the realm of feasibility. It must be mentioned 
that Griflith made a similar observation with streptococci. He 


TABLE 7 

Crosaagglutination tests in their reciprocal sera^ of 4 strains of gonococci (82^ 8S 
{type I), 84 (type II) and 81) 
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found that one of his types could absorb the agglutinins of 2 
heterologous type sera which were strictly different from each 
other. We prepared an immune serum with strain 81 and ex- 
amined, with this serum, two I strains (82, 83) and one II strain 
(84). 

As is seen from table 7, serum 81 influenced all 4 strains up to 
the end titer. Strains 82, 83 and 84, however, proved to be 
strictly type-specific when examined with the homologous sera 
(82, 83 (type II)). From this, it seems that there exists a type 
“I + 11.” 
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Strain 81 was also used several times for absorption tests. 
With only one exception, it absorbed, to the same degree, the 
agglutinins for most of the type I and type II test strains from 
their respective sera. 

This strain, therefore, offers an analogy to the observations 
made by Griffith on streptococci. Furthermore, the relationship 
between tj^ies I and III meningococci should be remembered. 
In his cases, Griffith assumed “phases” similar to those of the 
paratyphoid bacilli. Here we might refer to an earlier paper 
by Casper (1928) who, in trying to prepare the carbohydrates of 
paratyphoid B and Breslau bacilli (in which we worked with 
purely specific and non-specific phases) had found that the carbo- 
hydrates obtained from all four variants were apparently iden- 
tical. They were all heavily precipitated by specific Breslau 
serum while they were not at all or only very little influenced by 
non-specific Breslau serum or specific Schottmueller serum. 
From this, it follows that the “serological factor” is contained in 
all these phases of the paratyphoid bacillus but “is masked” 
in the production of antibodies, in the rabbit, by the specific 
Schottmueller and the non-specific Breslau bacillus. Another 
serological factor must, therefore, be dominant in these 2 phases. 
The conception is derived, therefore, that during a change of 
phase the species-specific carbohydrate can become dominant 
for the non-specific t3T)e of Schottmueller, while the same carbo- 
hydrate, which represents the dominant haptene of the specific 
Breslau type, is masked in the specific type of Schottmueller. 

If one assumes, therefore, that in the cultivation of gonococci 
a change of phase eradicated the serological differences between 
the types, in a manner similar to that of the paratyphoid bacilli, 
the explanation of the following is made clear: (1) the relation- 
ship between strain 81 and types I and II, and (2) the frequency 
of the appearance of such mixed phases, (not only in chronic 
cases of gonorrhea but also in some acute cases) in which equally 
high agglutination titers were obtained in both type-specific sera, 
an occurrence which is not infrequent with paratyphoid bacilli. 

At that time we thought of this possibility and examined differ- 
ent sera of type I and II gonococci, prepared partly with Uving 
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and partly with heated cultures. This was done by means of 
slide agglutination using several strains of each type in order to 
demonstrate the combination of the different type-specific strains 
from two different phases. 

The result was not quite uniform. However, a dominant over- 
lapping of the I serum, 82, which influenced a large number of 
single colonies of almost all type II strains, was always observed. 
The II serum, 57, on the other hand, acted upon a large number 
of I colonies. This experiment, which suggests further illumi- 
nating observations in this direction, will be discussed in a sepa- 
rate paper.* 

As was mentioned at the start, we separated tlie chronic strains, 
which showed only a relatively overlapping reaction in normal 
serum, from those obtained from cases of acute gonorrhea. We 
also tried to explain the overlapping reaction in both type-specific 
sera as a sign of degeneration. 

On this fact is based the conception that normal agglutinins are 
increased during immunization. Absorption tests have shown, 
however, that the chronic strains were able to remove the specific 
agglutinins for the homologous strain from sera of both types. 
Now, however, our homologous test strains, in fixation experi- 
ments, proved to be strictly specific on every occasion, so that it 
is doubtful whether we can assume tliat they are acted upon by 
normal agglutinins. Perhaps one might rather assume that the 
chronic strains contain both phases and that they are thus also 
able to remove the agglutinins for the heterologous type. 

THE “predominant” STRAIN OF TULLOCH 

For the purpose of comparison, we included this strain here 
although it had been cultivated for a long time on artificial media. 
It was kindly placed at our disposal by Dr. A. Cohn (1925). 
He found it to be equivalent in the complement fixation test to 
the strain he formerly used. 

It seems noteworthy that the predominant strain of Tulloch 
showed a close relationship to both our types, not only in agglu- 
tination but also in absorption. It absorbed the specific agglu- 

* The Cultural and Serological Behavior of Degenerated Gonococci. 
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tinins of both the I and II strains and, therefore, proved to be a 
“type I and II.” 

It is interesting now to recall how Tulloch selected the type 
which he later designated as “predominant.” 

He examined 13 strains in his preliminary experiment. Six of 
these were used for the preparation of sera. These sera proved 
to be little different when tested by all 13 strains. By the ab- 
sorption test, however, 2 types were found, one of which, the 
so-called type I, was later used for the examination of all of his 
100 cases. 

Type II and the other heterologous types, however, were not 
tested at the same time but were only later identified by their 
corresponding sera. By this method of examination, the differ- 
ences of titer which he would have obtained by a simultaneous 
test with a heterologous serum could not become manifest. Cer- 
tain differences in titer were present in the 13 strains. For, 
several I strains reacted more strongly and others less strongly 
with type II senun. Likewise, one I serum exerted a stronger 
influence on the II strains than did the others. The strain which 
yielded the most overlapping serum was chosen by Tulloch for 
his absorption experiments^ This strain, therefore, would corre- 
spond to our strain 81, i.e., a strain which, until the problem of 
phase has been clarified, we wish to designate provisionally as 
“I and II.” 


DISCUSSION 

In the course of several years w^e performed serological tests on 
109 strains of gonococci isolated from cases of acute gonorrhea 
and 16 strains isolated from cases of chronic gonorrhea. All 
strains were simultaneously subjected to comparative agglutina- 
tion tests with 2 type-specific sera. A large proportion of the 
strains showed sharp differences in titer, i.e., they were stron gl y 
agglutinated by the serum of one type while the serum of the 
other type agglutinated them weakly or not at all. The types 
found were called type I and type II, respectively. 

An additional small group of strains impressed us as of heter- 
ologous type. These strains were not agglutinated by either of 
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the type-specific sera, or, if agglutination did occur, the titer 
never rose over 1:50. From this we must draw the conclusion 
that there is another type which, however, is seldom found. 

These investigations were originally undertaken with the pur- 
pose of finding several different type-specific strains of gonococci, 
isolating the type-specific portion of their antigen and examining 
their carbohydrate content. We w'ere able to demonstrate that 
each of our 2 types contained different polysaccharide-like sub- 
stances to which, as is the case with pneumococci, the specific 
reaction had to be ascribed. 

With the finding of these 2 characteristic types, difficulties 
arose in our investigations. The diagnostic sera had to be pre- 
pared by the immunization of rabbits with freshly isolated strains. 
All of these sera did not prove to be equally selective when tested 
with fresh gonococcus cultures. We encountered great obstacles, 
especially in the second period of our investigations, because of 
overlapping and weaker reactions. In this period, old instead of 
freshly isolated strains were used for the preparation of antisera. 
Thus it was shown that old laboratory strains suffer a change in 
their antigenic properties. A series of experiments with one 
group of freshly isolated strains demonstrated, however, that the 
structure of the whole bacterial antigen is more complicated than 
appeared to be the case after the first period of experimentation. 
In order to show the difficulties of the serological differentiation 
of types, therefore, we have considered each strain as an individ- 
ual, and have shown its reaction according to various methods of 
examination. 

In the second period we used the absorption test more often 
for the purpose of classification. In only a few of the cases, 
however, in which comparative agglutination did not succeed in 
classifying our strains was any conclusion reached by the use of 
the absorption test. 

The irregular and degenerated strains make up the major por- 
tion of the unclassifiable strains. The strains obtained from cases 
of chronic gonorrhea belong to the degenerated strains. While 
gonococci of both types I and II (similar to pneumococcus I 
and II) were strictly specific in agglutination, as were their carbo- 
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hydrates in precipitation, the cultures obtained from cases of 
chronic gonorrhea were able to absorb the sera of both types. In 
only one case of acute gonorrhea with good controls did we find 
that the specific agglutinins of both sera were absorbed to any 
great degree (strain 62). It seems, therefore, that these strains 
with antigenic valencies which overlap both type I and type II 
ordy seldom occur in acute gonorrhea while they appear more 
often in chronic gonorrhea and disrupt the classification. One 
might wish to classify a separate, “type I + type II.” It is 
uncertain as to whether one must assume that there is a degen- 
erated or special type which is particularly frequent in chronic 
gonorrhea or which might even be the etiological agent in the 
chronic disease. 

Our bivalent strain (81) according to our experimental results, 
apparently corresponds to Tulloch’s “predominant strain.” We 
cannot judge whether the appearance of degeneration, with which 
we are dealing here, can be ascribed to the age of the culture and 
to its continued transplantations on artificial media. We do con- 
sider the possibility that a change of phase occurred and refer to 
similar observations by Griffith on streptococci. 

In any event, the results of our investigations show that one 
must reckon with the appearance of degeneration even with some 
freshly isolated strains of gonococci and that, in the choice of test 
strains for the production of immune sera this must be con- 
sidered. 

Under the ^ven conditions, therefore, the technique is not ideal 
since degeneration, even at the time of isolation cannot be 
avoided. With further improvement of culture media a greater 
number of strains will probably be classifiable by means of com- 
parative agglutination. 

Despite this, in 71 per cent of the cases we were able to deter- 
mine the type of the strain by comparative agglutination with 
our type-specific immune sera. Type I was preponderant among 
our strains. According to our examinations, however, oxir type I 
is not identical with the “predominant” strain which Tulloch 
found in the majority (72 per cent) of cases. 
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CONCLUSIONS 

(1) By means of comparative agglutination two different types 
of gonococci (type I and type II) were found. With the aid of 
the immune sera prepared with them, we endeavoured to classify 
a large number of gonococcus strains into either of these types. 

(2) The difficulties arising from this procedure are described 
for each individual strain. 

(3) The reproduction of type-specific carbohydrate is indis- 
pensable for the solution of the problem of classification. 
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In a series of stxidies carried out in this laboratory (Mueller, 
1935, and Mueller and Kapnick, 1935), it has been shown that 
various strains of diphtheria bacilli grow heavily upon media 
containing only amino acids in place of peptone, and a con- 
siderably purified liver extract in place of meat infusion. Suit- 
able inorganic salts and a source of energy such as glycerol or 
lactic acid must be added. More recently, it has been possible 
to identify two of the constituents of the liver extract essential 
for the growth of our test strain of the diphtheria bacillus, as 
pimelic acid (Mueller, 1937a) and nicotinic acid (Mueller, 1937b), 
acting in connection with one or more other unidentified sub- 
stances. The higher boiling fraction of a vacuum distillate ob- 
tained by both esterification and acetylation of the liver concen- 
trate contained the unknown material. The method of preparing 
this has already been described in the paper on nicotinic acid. 

In an attempt to separate the active substance in pure form, 
the “acetylated esters” containing it were submitted to careful 
fractionation. The amount available was but 3.0 cc., represent- 
ing 300 kgm. of fresh liver. The same distilling apparatus (Rit- 
tenberg) used in the earlier work was again employed. In a 
vacuum of about 0.04 nun. Hg, the active material passed over 
between about 63° and 78°, but it proved impossible to obtain any 
marked degree of concentration into any one fraction. With the 
exception of the lowest, measuring 0.15 cc., which contained rela- 
tively less activity, the distillates were recombined. Approx- 
imately 1.0 mgm. of this oil, after acid hydrolysis, added to a 
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suitable control gave the maxiinal effect in producing growth with 
the test organism. 

In an attempt to obtain a crystalline acetyl compound from the 
oil, a portion was partially hydrolyzed by short boiling with 
dilute Ba(OH)* solution. This method was shown by Cherbuliez, 
Plattner and Ariel (1930) to split the ester linkage of the acety- 
lated esters of amino acids, leaving the acetyl group in place. In 
this way ,and after removing Ba with HsS 04 , there was obtained 
a strongly acid material which showed no tendency to crs^stallize 
either as the Ba salt, or as the free acid. The development of 
the acid reaction, however, indicated that the original, neutral 
oil probably contained esterified COOH groups. 

All of the remaining active distillate, 1.9 grams, was now more 
thoroughly hydrolyzed by refluxing with about 200 cc. of n/1 
H 8 S 04 for six hours. The reagent was accurately removed with 
Ba(OH)s and the solution, which was neutral, was evaporated to 
dryness in vacuo. The residue was partly crystalline and partly 
syrup. Solution in hot ethyl alcohol resulted in obtaining a small 
crop of crystals, which, however, were without activity, while the 
alcoholic solution showed maximal activity with about 0.5 mgm. 
of dissolved material, which was largely oily, but contained some 
crystals. 

The fact that complete hydrolysis yielded a neutral substance, 
whereas an acid was formed by splitting off only the ester group, 
indicated that acetylated NHj groups were probably present in 
amounts equivalent to the COOH groups. In other words, the 
mixture behaved as though composed of amino acids. Since 
acid-hydrolyzed casein was a component of the control medium, 
and tryptophane was not required by the test strain employed, 
none of the usual amino acids of protein could be concerned, and 
j3-alanine suggested itself as a possible constituent of the mixture, 
the more so, since the work of Williams and Rohrman (1936) 
indicates that this substance is a part of the “bios” complex. 

A series of tests carried out with synthetic j9-alanme quickly 
showed that it possessed in marked degree the growth-stimulating 
properties of the distillate fraction; a quantity of approximately 
lOy in 10 cc. of medium producing its maximal effect, as did about 
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0.5 mgm. of the residue left after hydrolysis of the distillate. 
Assuming the active substance of the latter, therefore, to be 
actually /3-alanine, it would be present to the extent of only 2 
per cent in the oily material, — a total amount of perhaps 20 mgm. 
in the ±1.0 gram of impure material. 

Since, as far as we are aware, no compound of |8-alanine has been 
described which would be suitable for its isolation from such a 
mixture on so small a scale, no further attempt has been made to 
determine whether or not it actually is the substance present 
which is essential for growth. That such is probably the case is 
indicated by the close parallelism of action, by the fact /3-alanine 
is known to occur in tissue extractive, both free and com- 


TABLE 1 


COMFOflITION OF liEDIUM 

BACTSBIAL N 


mgm. 

Control alone . . 

0 32 

Control + iS-alanine 0 5 .... 

0 30 

Control + /3-alanine 10.. .... 

0 36 

Control + /3-alanine 2 6 ... . . . 

1 18 

Control -f /S-alanine 6 0 

1 58 

Control -f /3-alanine 10 0 

2 38 

Control H- /3-alanine 26.0 

2 56 

Control 4- /3-alanine 50 0 

2.58 


bined with histidine in the form of carnosine, and that the boiling 
point of the distillate is within the probable range for that of the 
acetylated ethyl ester of /3-alanine. In any case, this compound is 
so readily available^ that even were a more complex substance 
shown to be equally active, the former would probably still be 
the more convenient. 

Carnosine itself is effective in replacing jS-alanine, but a con- 
siderably greater concentration is required, indicating perhaps 
that it must be hydrolyzed by the organisms in order to render 
its /3-alanine available, and that this reaction is not readily 
brought about by the bacteria. 

'jS-alanine may be purchased from the Department of Organic Chemistry, 
University of Illinois, Urbana. 
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Table 1 illustrates the effect of /3-alanme when added in varying 
quantities to the control medium. The test strain is the “Allen,” 
used in much of the earlier work. The control has the following 
composition per 10 cc. of medium, and the methods of inoculation, 
incubation and determination of relative growth by means of 
nitrogen are the same as previously described. 


Control 


Casein—HCl hydrolysate 

0.1 gram 

Cystine 

0.001 gram 

Glutamic acid 

0,050 gram 

Lactic acid (as Na salt) 

. . 0.1 cc. 

Salt mixture: 


NaCl 

0 050 gram 

Na2HP04-2H,0 . . . . . 

0.025 gram 

KH 2 PO 4 ... 


MgClj-eHjO.. .. 

.... 0.003 gram 

Pimelic acid 

I.O 7 

Nicotinic acid 

10 Ot 


TABLE 2 


COMPOSITION OF MEDItTM 

BACTERIAL N 


mom. 

Control -f carnosine 5.0 

0 29 

Control -f carnosine 10 0 

0.21 

Control + carnosine 25 0 

0.66 

Control + carnosine 50 0. . . . 

0 90 

Control -h carnosine 100.0 . ... 

i 1.13 

Control -f carnosine 250 0 . . . 

2 68 


A similar experiment using synthetic 1-carnosine, for which 
the writer is indebted to Professor Vincent du Vigneaud of 
George Washington University, is presented in table 2. 

That the effect of jS-alanine, together with nicotinic acid and 
pimelic acid, in replacing meat or liver extract is not unique on 
the “Allen” strain, is shown by an experiment with four cultures 
of the Park-Williams No. 8 diphtheria organism. Earlier work 
(largely unpublished) with organisms of this “strain” from various 
sources have brought out differences in nutritional requirements 
involving both amino acids and energy sources. It is therefore 
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not remarkable to find differences in respect to these three extrac- 
tive substances. It is evident that /3-aIanine and nicotinic acid 
must be present together to obtain appreciable growth of any 
strain, whereas pimelic acid increases the growth in some instances 
but not in others. 

The results are summarized in table 3. 

TABLE 3 


BACTSRXAL N 


COMPOSITION OF MKDXUM 



A 

B 

C 

D 


mgm. 

mgm. 

m^nt. 

mgm. 

Control* alone 

0 07 

0 06 

0 10 

0.10 

Control 4- pimelic acid I7 (1) . . 

lost 

0 04 

0 14 

0.10 

Control 4- nicotinic acid IO7 (2) .... 

0 02 

0.04 

0.18 

0.14 

Control 4“ /3-alanine IO7 (3) . . 

0.10 

0 06 

0.10 

0.12 

Control 4- (1) 4- (2) . . 

0.08 ‘ 

0.00 

0.17 

0.14 

Control 4- C) 4- (3). 

0 08 

0 07 

0 11 

0.12 

Control 4- (2) 4- (3) 

0.66 

1 99 

1 92 

2.02 

Control 4- (1) 4- (2) 4” (3) . 

2.32 

1.86 

2 16 

1.84 


• To the usual Allen control 0.001 gram of 1-tryptophane and 0.05 cc. ethyl 
alcohol are added for the Park 8 strains. 

Strain A, National Institute of Health, Washington, D. C. 

Strain B, Alabama State Health Department 

Strain C, New York State Department of Health, strain 5 

Strain D, Toronto, Canada. 


DISCUSSION 

It is now possible for the first time to obtain heavy growth of 
certain strains of diphtheria bacilli on a medium which approaches 
the term "synthetic.” It is true that our present control con- 
tains hydrolyzed casein but that this may be replaced by known 
amino acids is indicated by many experiments not presented here. 
There is still a deficiency of one or more substances, since our 
present maximum growth with the “Allen” strain of 2.5 to 2.9 
mgm. nitrogen can be readily increased to 3.5 to 4.0 mgm. by the 
addition of whole tissue extract and certain of its fractions. It 
does not appear to be worth while to complete the substitution of 
casein hydrolysate with known amino acids until these deficiencies 
are better understood, and work is being continued along this line. 
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It is reasonable to hope, however, that even with this amount 
of growth, which is as good or better than that obtained on the 
usual peptone-infusion broth, the metabolism of the organism 
may be nearly enough normal so that toxin of a reasonable degree 
of potency will be produced. Experiments in this direction are 
now being made in collaboration with Pappenheimer, whose 
recent work (1936) on diphtheria toxin places him in an un- 
usually favorable position to carry on this phase of the study. 

CONCLUSIONS 

1. jS-alanine has been found to be a further growth accessory 
substance for the diphtheria bacillus. 

2. This substance, in a concentration of about I7 per cubic 
centimeter, together with nicotinic acid in the same concentration 
and (for some strains) pimelic acid in an even smaller amount, 
permits the growth of several strains of the organism to the extent 
of about two-thirds the quantity maximally obtainable with 
whole tissue extract. It is perhaps not without interest that the 
cost of sufficient of these substances to prepare 1000 liters of 
broth would be lees than one dollar. 
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INTRODUCTION 

Weinberg and Seguin reported, in 1916, the isolation of a 
newly-discovered species of anaerobic spore-bearing bacillus 
from several cases of gas-gangrene infected war wounds. 

A pure culture of thi? micro-organism, when injected into the 
muscles of common laboratory animals such as guinea pigs, mice 
or rats, was found to cause a considerable lysis and liquefaction 
of the muscle around the injected area in less than 24 hours, the 
lysis usually continuing until the death of the animal. This 
organism, because of its particularly pronounced ability to 
attack living tissue, a property possessed by no other sporulating 
anaerobes, was named “Bacillus histolyticus” by its discoverers. 

Although the first strains were obtained from war wounds 
only, in later years, several investigators succeeded in isolating 
other strains from many other sources such as soil, sewage and 
the faeces of healthy persons, thus showing that the organism is 
much more widely distributed than was originally supposed. 

In its biochemical and morphological properties, Clostridium 
histolyticum is closely related to Clostridium sporogenes, the most 
common representative of this genus. Both are strongly pro- 
teolytic: when inoculated in milk, a rapid digestion occurs, the 
medium becoming translucent and finally quite clear; gelatin is 
rapidly liquefied, usually within 24 hours; abundant growth 
OGcura in most media rich in proteins, whether or not sugars 
are present. 
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While the majority of investigators agree upon the carbo- 
hydrate fermentation by C. sporogenea, much undesirable con- 
fusion exists in the literature regarding the fermentation ability 
of C. histolyticum. 

The original paper of Weinberg and Seguin (1916) gives only a 
limited number of the biochemical properties of the new species 
with no data on sugar fermentation, except the statement that 
no gas is formed in agar-shake cultmes containing sugars. Henry 
(1917), investigating one of the original strains isolated by Wein- 
berg, reported this strain able to ferment glucose, laevulose and 
maltose from among the sugars tested. 

Results similar to those of Henry were reported by McIntosh 
and Fildes (1917) for other strains: fermentation was weak, but 
after 7 days’ incubation was distinct with glucose, maltose and 
starch. Later, the same investigators (1919) reported the fer- 
mentation of glucose, laevulose and maltose. It should be noted 
that if these observations are correct this behaviour towards 
carbohydrates is the same as that shown by C. sporogenes. 

Hall (1922), and Reddish and Rettger (1924), found that C. 
histolyticum fermented the same sugars as did C. sporogenes. 
A year later, however. Hall (1923) reported that C. histolyticum 
failed to ferment sugars. Since a reasonable explanation for 
these anomalies was not evident, the possibility of an unknown 
contaminant in the culture of the earlier experiments was sug- 
gested. 

Kendall, Day and Walker (1922), Kahn (1924) and also Torrey 
(1925) deny the sugar fermenting ability of C. histolyticum. 

Thus, it is seen that highly contradictory results have been 
reported by the investigators studying this micro-organism. 
That this contradiction still persists is evident from the fact that 
Bergey in the 1934 edition of his “Manual of Determinative 
Bacteriology” still arranges C. histolyticum under the sugar- 
fermenting anaerobes, whereas Spray (1936) in his “Tentative 
Key to the Sporulating Anaerobes” lists the same bacteria 
among the nonsaccharolytic representatives. 

Since sugar fennentation is usually considered as one of the 
important criteria for the identification and classification of the 
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sporulating anaerobes, the deplorability of such an anomaly 
need hardly be stressed. 

The writer’s attention was drawn to the contradictory data as 
regards fermentation while working on the digestion of tumor 
tissue by representatives of this group. It was found that one 
of the seven available strains of C. histolyticum, a strain obtained 
from the American Type Culture Collection and tested immedi- 
ately upon receipt, fermented glucose with the formation of acid 
and gas, whereas, all other strains gave negative results. For 
the special study of tumor digestion, all of the strains were 
carried on a stock culture medium containing a sterilized trans- 
plantable rat tumor tissue .suspension (1:5) in a solution of 
0.1 per cent K,HPOi, 0.05 per cent MgSOi and 0.01 per cent 
FeS 04 in tap water. 

During a period of four months following the receipt of the 
several strains of this organism, each strain was transplanted 
several times on the special tumor tissue medium. The sugar- 
fermenting ability was then tested again, and it was found that 
all of the strains gave faint but decidedly positive results. Since 
great care had been taken to avoid contamination, by testing each 
tube thoroughly before transplanting into it, it appeared worth 
while to investigate this phenomenon more closely. As a matter 
of fact there are two possibilities, which can cause the cultinres 
of C. histolyiicum to ferment carbohydrates, althou^ they were 
decidedly negative when received. Though transfers had been 
made very carefully, nevertheless contamination with a sugar- 
fermenting anaerobe (fermentation persists after pasteurization) 
is possible and has to be considered. On the other hand the 
possibility that we are dealing with a form of variation in which 
sugar fermenting variants of C. histolyticum arise from the ordi- 
nary non-eugar-fermenting strains need not be rejected at once. 

Bacteriologists have long since been reconciled to the idea 
that there occur variations in single species of micro-organisms, 
in biochemical behaviour as well as in morphology and colony 
form. In this regard we may refer to the classic example of 
Massini’s Bacillus coli-miutabile, a bacterium which failed to 
ferment lactose, but the colonies of which upon continued incubar 
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tion, formed small papillae composed of bacteria which are able 
to ferment lactose, a property which could be transmitted by 
subculturing from these papillae on new plates, and in which also 
the new character appeared to be permanent. 

That this behaviour of B. coli-mutabiU is by no means a 
bacteriological curiosity was proved when, a few years later, more 
examples could be added. So, variants of EbertJieUatyphosaaxe 
described which are able to ferment dulcitol or rhamnose and 
which were obtained from strains unable to ferment these sub- 
strates (Penfold 1910, Miiller 1911) ; SahnoneUa paratyphi behaves 
similarly towards raffinose (Muller 1911). Variants are also 
known of S. paratyphi which are unable to produce any gas 
during the fermentation of certain carbohydrates; under certain 
conditions, however, this lost property can be regained and the 
variant may be transformed into a true S. paratyphi (Pot and 
Tasman 1932). From cultures of Corynebacterium diphtherias 
and also from Shigella paradysenteriae (Sonne), variants are 
obtained w'hich are unable to ferment certain carbohydrates and 
other modifications w'hich strongly ferment these sugars (Good- 
man 1908, Hobby 1935, Chinn 1936, Sears and Schoolnik 1936) . 

Though this summary certainly is incomplete it may show 
that variability in sugar fermentation, especially among the 
pathogenic micro-organisms, is not a rare phenomenon at all, 
and that therefore the possibility of a spontaneous variation, 
leading to sugar-fermenting variants need not be excluded. 

It has long since been proved that variation in colony form 
(rough-smooth variation) also occurs frequently in the group of 
anaerobic spore-bearing micro-organisms, and special attention 
has been paid in this regard to Clostridium wekhii and Clostridium 
tetani (Buchaly 1930, Condrea 1930, Orr et al. 1933, Stevens 1935). 
In agreement with what has been found for most of the other 
bacteria this rou^-smooth variation usually does not involve any 
change in biochemical behaviour towards sugars. 

It is generally accepted that there is no direct correlation 
between variation in colonial type and variation in metabolism. 
That such a correlation sometimes occurs however has been 
shown by Colef (1935) for Clostridium oedematiens, a bacterium 
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belonging to the same group as Clostridium histolyticum. This 
investigator succeeded in obtaining colonial variants from char- 
acteristic hairy colonies of C. oedematiens; these variants had a 
pronounced tendency to become smooth, and they were non- 
pathogenic. Contrary to the typical strains of C. oedematiens, 
however, these variants were able to ferment glycerol. 

The results of the present study show a similar, though still 
further-reaching phenomenon with cultures of C. histolyticum) 
it is shown that fermentation of sugars need not necessarily be 
ascribed to contamination of the C. histolyticum cultures but 
that it can be due to a similar variability, which makes itself 
manifest not only in a profound change in biochemical properties 
of the organism, but also simultaneously in the morphology of 
the colony. 


BACTERIOLOGICAL INVESTIGATION 

It seemed advisable, first, to make a comparative study of 
transplants from strains which had been found to ferment sugars 
and the original non-sugar-fermenting strains, using the tumor- 
tissue suspension medium. 

Peptone agar plates, streaked from a tube culture of each strain 
incubated for two days at 37°C. in anaerobic jars, showed only 
minor differences in colony form, which did not justify the 
conclusion that either contamination or variation had occurred. 
All of the colonies were practically round and small, and were 
transparent to opaque. 

A different result was obtained, however, when the smears 
were made on liver-veal agar, a medium advocated by Spray for 
the cultivation of anaerobes. The growth on this medium was 
abundant, even after only 24 hours. A marked difference was 
now evident between the plates obtained from the original pure 
cultures, and their transplants on tumor tissue suspension. The 
original pure cultures all gave perfectly round colonies resembling 
those of streptococci, 1 to 2 mm. in diameter, opaque, and with 
a decolorized zone around each colony on the dark brown culture 
medium. The transplants on tumor-tissue suspension showed, 
for the greater part, similar colonies. However, a small portion 
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of the colonies had irregular margins, some even having short 
thick shoots protruding from the periphery. With a few col- 
onies, this was so pronounced that the agar around the colony 
waa covered with a network of filaments. 

Of importance is the fact that between these two extremes, 
the regular round and the threadlike colonies, all kinds of inter- 
mediate stages were observed. As ail the plates had many 
absolutely isolated colonies, no difficulties were experienced in 
transplanting single colonies to subsequent liver-veal agar plates. 
On tran^lanting a regular round colony there was obtained 
without difficulty, with some strains at least, a pure culture of 
the roimd colony form, identical with those obtained directly 
from the original non-sugar-fermenting culture. 

Some strains, however, were extremely difficult to purify. 
Every time, even thou^ a weU isolated regular colony was 
taken, intermediates and even threadlike colonies appeared again 
after replating. Sometimes six successive transplants on liver- 
veal agar plates were necessary to eliminate both the intermediate 
and the threadlike forms. 

The same procedure was necessary when attempts were made 
to obtain a pure culture of the threadlike colonies. No difficulty 
was experienced with some strmns; by taking one of the most 
filamentous and well isolated colonies, a pure culture was obtained 
after one or two successive transplants. For some strains, how- 
ever, not less than 12 successive transplants of single isolated 
colonies were necessary to eliminate the round and the inter- 
mediate colonies. This great number of transplants, necessary 
to obtain pure cultures of the regular as well as of the threadlike 
colonies is rather suspicious and indicates that we are not deiding 
with a simple contamination, which could have been removed 
easily with one or two transplants of single isolated colonies. 
It is highly improbable that every time, up to more than ten 
plates, a mixed colony is transferred. In this regard it has to be 
borne in mind that the modem technique, using McIntOEdi and 
Fildes anaerobic jars and a suitable culture medium (Difco- 
liver-ved agar) makes the work with the sporulating anaerobes 
scarcely more complicated than the work with most oi the 
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aerobic bacteria. Practically without exception every plate con- 
tained many very well isolated colonies of 1 to 2 mm. in diameter.^ 

BIOCHEMICAL AND PATHOGENIC DIFFERENCES OP THE TWO TYPES 

After obtaining pure culture plates of each strain of C. histo- 
lyticum from the regular as well as from the filamentous colony 
form, one colony from each plate was used for the inoculation of a 
fermentation medium, containing glucose, as well as for one with- 
out glucose. After two days incubation, the round colony form, 
from all of the 7 strains used, had not formed any acid or gas from 
the glucose, when compared with the blank without glucose. 
On the other hand all of the threadlike variants had formed 
considerable amounts of gas and acid, compared with the glucose- 
free blanks. 

There is, thus, no doubt that the appearance of the fermenting 
ability after several transplants in tumor tissue suspension was 
due to the presence of organisms which gave rise to the threadlike 
colonies. 

In this regard, attention may be called to the fact that Henry 
and also McIntosh and Fildes, who observed a sugar-fermenting 
ability of C. histolyticum, describe its colony form as delicate and 
flat, with crenated or irregular edges. Photographs given show 
that undoubtedly these investigators were dealing with colony 
forms intermediate between the perfectly round and the filamen- 
tous colony forms. When the sugar-fermenting ability of a 
number of such intermediate forms was tested diuing the present 
investigation, it was foimd that aU were active, and that there 
was. a certain correlation between the colony form and the 
amount of acid and gas produced from glucose. The more that 

' After pouring the liver-veal agar plates, they were allowed to cool slowly. 
This prevented syneresis and usually the surface was dry after gelatination, so 
that the plate could be used immediately. Three one-inch-broad, parallel smears 
with a bent platinum needle were made over the surface, thus giving a continued 
dilution of deposited bacteria and leaving a space between the smears, which was 
of great value for detection of any contamination, as growth was allowed only on 
the surface touched with the needle. The dish was placed upside down in the jar 
with a piece of filter paper, wetted with three drops of glycerol in the cover; this 
gave the surface the right degree of moisture, but prevented creeping. 
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differentiation had proceeded towards the filamentous form, the 
more acid and gas were produced from glucose. 

There is no doubt that the non-sugar-fermenting strains cor- 
respond closest to the original description of C. histolyticum given 
by Weinberg and Seguin. Since their identification is based 
mainly on their specific action on living muscle tissue, it was 
decided to test the pathogenicity of both the above types of 
colonies. On injecting 0.5 cc. of an 18-hour brain-medium cul- 
tm^ intramuscularly into the shaved leg of a guinea pig, it was 
seen that the regular colony type caused the specific lysis of 
muscle tissue, as described by Weinberg and Seguin and Com- 
biesco (1923) and others. The animals usually died within 48 
hours after inoculation with any of the strains used. The 
filamentous colony form, on the other hand, was found to be 
relatively harmless. Sometimes a local oedema appeared after 
24 hours without causing appreciable damage to the tissue, 
disappearing gradually afterwards. When injected, however, 
into necrotic tissue such as the inside of a large transplantable 
rat tumor, the whole tumor was usually liquefied within 48 hours 
with the production of a relatively large quantity of a hemor- 
rhagic fluid with an offenave odor. 

Another difference between the two types was the reaction in 
nutrient gelatin to which a strip of iron had been added. Accord- 
ing to Spray (1936), C. histolyticum gives in this medium, 1 to 2 
days after inoculation, a beautiful wine-red color, specific for 
this species, though the nature of the reaction is still unknown. 
In line with this, it was found that all tubes, inoculated with 
pure cultures of the regular colony form, gave this reaction, 
whereas those inoculated with the filamentous colonies did not. 
Intermediate forms gave intermediate reactions, more or less 
faint red, the color usually disappearing later. The color ap- 
peared only when growth occurred under semi-anaerobic condi- 
tions. By excluding all traces of oxygen, in an anaerobic jar, no 
red color appeared, even when, after growth had ceased, the 
tubes were placed in the air. Thus, it seems that traces of 
oxygen are necessary for the appearance of this reaction. 

Finally, another difference between the biochemical properties 
of the regular and the filamentous colony types was found in 
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their conduct towards nutrient lead acetate agar. This medium 
was not blackened in 6 days by the regular colony type, whereas 
the filamentous form gave a smoky brown precipitate of lead 
sulfide in the same period of time. 

IDENTITY OP THE FILAMENTOUS VARIANT WITH C. BPOROGENES 

The foregoing facts undoubtedly indicate that the filamentous 
variants of C. histolyticwn can be identified as C. sporogenes. 

Inoculated in iron-milk, an inactive gaseous fermentation oc- 
curred, accompanied by a rapid digestion of the casein. Usually, 
in 48 hours, the medium was strongly blackened. Tyrosin was 
sometimes formed, though much less than that given by the 
original strains. Nutrient lead acetate medium was slightly 
blackened, but the color was not so dense as that usually given by 
C. sporogenes. Formation of indol ivas not observ'ed during 
growth; however, a few strains (not all) gave, on reaction with 
a 5 per cent alcoholic vanillin solution and concentrated HCl, a 
positive “vanillin violet” test, a reaction also given by C. sporo- 
oenes. Grelatin was rapidly liquefied by the threadlike forms. 
Glucose and maltose were fermented, whereas lactose, sucrose 
and salicin were not. Threadlike colonies, similar to those 
obtained from the C. histolyticum strains, were also obtained 
from one authentic strain of C. sporogones which was available. 
A still more convincing proof of the close relationship between 
the filamentous variants of C. histolyticum and C. sporogenes was 
the fairly good agglutination of these variants with serum of a 
rabbit which had been immunized against one strain of C. sporo- 
genes which had been obtained from the American Type Cul- 
ture Collection.'* 

METHODS FOR OBTAINING THE SUGAR-FERMENTING, SPOROGENE8- 
LIKE VARIANTS OP C. HISTOLYTICUM 

It must be borne in mind that C. sporogenes is probably the 
most common anaerobic contaminant of laboratory cultures, and 

• More details about these agglutination reactions and other serological evi- 
dences of the close relationship of C. histolyticum and C. sporogenes will be given 
in a separate article by L. Smith to whom the author is much indebted for his 
interest in the problem. 
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great care must be taken that all possibility of contamination 
with this species be excluded. The gradual change, and the 
intermediate forms given are, however, sufficient proof that 
the filamentous colony form ultimately obtained is not due 
to contamination. 

For the same reason, methods were sou^t which would give 
reproducible results with a minimum of manipulation. One of 
the methods devised is as follows: 

A single isolated colony from a pure culture plate of C. histo- 
lyticum is inoculated into Difco-nutrient gelatin solution (pH = 
7.3) to which a strip of stovepipe iron is added.* Before inocu- 
lation, sterility is definitely established by incubation for at least 4 
days at 37°C. in an anaerobic jar. 

No seal is required, since the tubes must be incubated under 
semi-anaerobic conditions. Usually, within 16 hours after inocu- 
lation growth occurs, a wine-red color gradually developing which 
reaches its maximum intensity in 2 to 3 days. 

When growth has been well established, and in less than 24 
hours after inocvilation, a transplant is made into a new medium 
regardless of whether color has appeared or not. This is re- 
peated daily, thus enabling the bacteria to multiply for a con- 
siderable time under the most favorable conditions. 

Gradually the growth becomes more abundant than in the 
initial tubes and the final wine-red color becomes paler. Ulti- 
mately the color fails to appear even after 3 days incubation, or 
else it appears on the first day, only to disappear on the follow- 
ing day. 

When smears are made in this stage on liver-veal agar from 
tubes in the early stages of growth (at the time that a transplant 
to the new medium is made) colonies which are no longer perfectly 
round and which are sometimes more transparent than the 
others gradually appear (figs. 9-12). Furthermore, colonies with 
one or two thick, short shoots, also develop although, except on 
close examination under a dissection microscope, they do not 
appear markedly different from the others (figs. 2, 7 and 8). 

* More details as to the preparation of this medium may be found in the publiea* 
tion of Spray (1996) cited above. 
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These irregular outlines are the first signs of differentiation, 
and such colonies appear as soon as the red color no longer reaches 
its maximum intensity. Usually, when such a single separated 
irregular colony is replated on liver-veal agar, more than 90 per 
cent perfectly regular, round colonies appear. Of the remainder, 
nearly all appear like the original mother colony, while a few 
are more pronounced in their irregularity. By repeated selection 
and replating of one of the most irregular colonies on five or six 
successive plates, a pure culture of the threadlike variant is 
obtained. 

Actually, the threadlike variants may be obtained more easily 
if the daily transplants in the iron-gelatin medium are continued 
beyond the appearance of the first signs of differentiation. 
Usually when the transplants in this medium are continued, the 
differentiation becomes more pronounced. Even thou^ no red 
color is observed in a number of successive transplants there is 
always still a majority of the original regular colonies to be seen 
in the smear obtained from the final tube of such a series. In 
order to obtain a pure culture of the hairy colonies selective 
transplants on solid medium were always necessary. It was 
observed sometimes that the red color reappeared and the 
irregular colony forms disappeared again, when making sub- 
cultures every two or three days instead of within 24 hours. 

When, to a pure culture of C. histolytieum, was added artificially 
an initial, very slight contamination of C. sporogenes, and a 
similar procedure was followed as with the pure culture, even the 
first transplants gave a great number of very hairy colonies and 
no intermediates by making smears on liver-veal agar. More- 
over, the red color was still undiminished. This striking differ- 
ence from a pure culture series makes it improbable that a 
contamination is responsible for the effect described. 

The gelatin medium was by no means the only medium on 
which differentiation was obtained. This medium has the 
advantage, however, that the progress of the dissociation can be 
followed macroscopically. However, similar results may be ob- 
tained (usually even after a smaller number of transplants) by an 
analogous jn’ocedure in milk or in brain medium, and especially 
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in tumor-tissue suspension. It is probable that this differentia- 
tion could occur in any medium which is rich in suitable proteins. 
It is not even necessary to use a liquid medium. Continued 
transplants on liver-veal agar of single, separated colonies (if 
possible the most irregular ones) lead to the same result, though 
usually more transplants are required. All strains of C. histo- 
lyticum are much more resistant toward variation when the 
transplants are made on media containing only a restricted 
amount of peptones. The better the nutrient conditions, the 
more the variation proceeds in the direction of the sugar ferment- 
ing variants. The poorer the medium, the more the original 
properties of C. histolyticum are maintained. 

Even on protein-rich media, such as liver-veal agar, it was 
observed that areas in the smear with a high population had 
less pronounced irregular colony shape, whereas those at the 
margins or decidedly isolated colonies, having the best nutrient 
conditions, were the most markedly irregular. 

For the same reason it also seems advisable to use as a stock 
medium for C. histolyticum a 1 per cent peptone solution, solidified 
by the addition of 0.5 per cent agar, instead of the usual stock 
media, brain or Robertson medium. 

The gradual change from the perfectly round and regular 
colony form of C. histolyticum to the hairy colonies, identical with 
those of C. sporogenes, is shown for one strain in figures 1 to 6. 

This variation has been accomplished on liver-veal agar plates 
by replating each time the most irregular single, separated colony. 
In 9 transplants, the whole transformation was completed from 
the original C. histolyticum to a variant practically identical 
with C. sporogenes. 

EXPERIMENTS TO OBTAIN THE ORIGINAL STRAIN 
FROM THE VARIANTS 

Practically no difficulties in transforming variant forms into 
the round colony type were encountered when starting with an 
intermediate colony form, giving a faint thou^ decided sugar 
fermentation. When a single colony from such a plate was 
replated on new solid media, there appeared usually, even on 
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the first transplant, perfectly regular colonies, besides many 
irregular ones. When one of these round colonies was used for a 
succeeding plate all intermediate forms gradually disappeared 
after several transplants, although sometimes 5 to 10 transplants 
of a single regular colony from successive agar plates were neces- 
sary. The farther variation had proceeded, the more difficult 
it was to obtain the original non-sugar-fermenting strain. 

Consistent results were not obtained on liver-veal agar with 
the extremely filamentous colonies, although on several occasions 
a marked regression was observed after continued selection. 

In general the best results w’ere obtained by cultivation on 
poor media, as for example, 1 per cent or even less bacto-peptone 
agar, thinly poured. On this medium the colonies remained 
very small, but with the help of a dissection microscope, it was 
possible to transplant single separate colonies to new media of 
the same compo.sition. Usually a considerable number of such 
plates was necessary to obtain regular round colonies. 

It was observed that the sporogenes-like variants of C. histo- 
lyticum are like the original strain in that they are not strictly 
obligate anaerobes. On meat infusion agar, they form very 
minute colonies, scarcely visible, under aerobic conditions. It 
was possible to make several successive transplants. 

DISCUSSION 

Hitherto, we have always considered the filamentous sporo- 
genes-like colony forms, obtained from pure cultures of C. histo- 
lyticum, as “variants” of the latter. It is questionable, however, 
whether it is not more reasonable to consider C. histolyticum as 
the variant, originating genetically from C. sporogenes. Indeed, 
variants are usually obtained as the result of a prolonged con- 
tinuance of conditions unfavorable for normal growth (presence 
of phage, chemicals, antiserum, etc.) whereas growth under 
optimal conditions generally favors stabilization. In this respect 
it may be remembered that the better the nutrient conditions 
the more the C. histolyticum tends to give the sugar fermenting, 
filamentous sporogenes-like colonies. On the other hand, culti- 
vation on poor media of the latter colony form tends to change 
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them back again to the original streptococcuslike colony form 
of C. histolyticum. 

This does not mean of course, that every strain of C. sporogema 
can be changed into a pathogenic, non-saccharolytic strain of 
C. histolyticum. However, on the other hand, it seems that 
although the conclusion here made is based on experiments with 
only seven different strains, every strain of C. histolyticum may 
be induced to undergo a change, which ultimately leads to a 
variant identical with C. sporogenes. 

The different strains of C. histolyticum used undoubtedly 
showed different resistance, but using smtable methods, this 
resistance could be broken. It is practically broken as soon as 
irregular colonies appear on liver-veal agar plates, e.g., as repre- 
sented in figures 7 to 12. Selection on this solid medium always 
leads gradually to the hairy colony form of C. sporogenes. 

It is not intended to propose that the designation of the 
species C. histolyticum be changed to one such as C. sporogenes, 
var, histolyticus. Under usual conditions, the biochemical prop- 
erties of C. histolyticum are markedly different from those of 
C. sporogenes, and, in addition, are stable enough to justify the 
collection of all nonsaccharolytic, pathogenic strains, with 
regular, streptococcuslike colonies, and giving a wine-red color in 
nutrient iron-gelatin, in the species C. histolyticum. 

On the other hand, it must be borne in mind that, where 
variation can occur in morphology as well as in colony form or in 
biochemical behaviom, the three most important foundations 
on which classification of micro-organisms is based, the possi- 
bility is open that related species, which hitherto have been 
considered as distinctly different from each other, are nothing 
else than stabilized variants of the same species. 

Badttus undtdalus and Bacillus mycoides (den Dooren de Jong, 
1933) are one example, C. histolyticum and C. sporogenes are 
another and there are evidences that more will be found in the 
near future. 

The author wishes to express his thanks to Dr. Ellice McDon- 
ald, Director, iat his interest and support throughout this work. 
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SUMMARY 

1. Clostridium histolyticum on liver-veal agar grows in perfectly 
round, streptococcuslike colonies, is nonsaccharolytic, thoroughly 
pathogenic, and produces a wine-red color when inoculated into 
nutrient iron-gelatin. 

2. Repeated early transplants on media rich in suitable pro- 
teins, allowing multiplication under the most favorable conditions 
for a considerable time, lead to the appearance of colonies with 
irregular shape. 

3. Continued selection of the most irregular colonies on 
successive liver-veal agar plates, leads gradually to pure cultures 
of a filamentous colony form. 

4. Gradual change in colony form corresponds with gradual 
change in biochemical properties; the appearance of sugar-fer- 
menting ability and HjS formation, and the loss in pathogenicity 
and the ability to form the wine-red color in iron-nutrient gelatin. 

5. The pure culture of these hairy variants is practically 
identical, biochemically, as well as in colony form, with Clostrid- 
ium sporogenes. 

6. To obtain the original strain of Clostridium histolyticum 
from the filamentous variants, continued selection on poor media 
was found to give the best results: this transformation could not 
always be obtained. 

7. From the results of this study it would appear that there 
is a genetic relation between Clostridium sporogenes and Clostrid- 
ium histolyticum. 
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PLATE 1 

Figures 1 to 6 show some phases of the gradual change from the round, strepto- 
coccus like colonies of C. kUlolyticum to the hairy ones of a variant, identical with 
C. tporogenet. A series of daily transplants of single, separated colonies was 
made on liver-veal agar plates. Figure 2 shows the appearance of the first signs 
of differentiation. 
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1‘LATK 2 

7 to 12 give the r(\sults of Miirars on livoi-\'(‘al-aKni fiom tubas uith 
brain inediuni, iion-^i;(‘latin ni(*(liuni, milk and rat tumor susponsion, imalia in 
wlindi by daily ti ansplants th(‘ first si^^ns (d difTmcntiation occui nal 
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The variation in antigenic structure associated with the S-R 
change in aerobic pathogens seems to be fairly uniform. In 
general, there is a loss of the antigenic component characterizing 
the somatic surface of the bacteria in the smooth phase. This 
antigenic component is often, but not always, of the nature of a 
complex polysaccharide. The loss of the latter polysaccharide 
from the surface of the bacterial cells, whether present in the 
form of a capsule or not, renders the organism non-pathogenic 
and agglutinable not only by its own antiserum, but also by 
antiserum prepared against bacteria in the smooth phase, and 
sometimes by antisera prepared against rough forms of other 
species (Topley and Wilson, 1936). 

The variation in the antigenic structure of the spore-bearing 
anaerobes has not been studied as fully, but it appears that the 
problem may be more complicated in this group. Orr, Joseph- 
son. Baker, and Reed (1933), working with Clostridium welchii, 
found that an antiserum prepared by the injection of bacilli in 
the smooth phase would not agglutinate the rough variant of 
the same culture. Colef (1936) isolated two non-toxic variants 
of Clostridium oedematieiis which formed smooth colonies. Anti- 
sera prepared against these variants agglutinated the original 
culture to titer. Conversely, the antiserum prepared against 
the original culture a^utinated these variants. This cross- 
ag^utination was probably not due to similar flagellar agglu- 
tinogens, for flagella could not be demonstrated on the variants, 
which were non-motile. 
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In the light of these facts, it was thought of interest to investi- 
gate the agglutination reactions and change of antigenic structure 
involved in the S-R change of Clostridium histolyticum. 

METHODS 

Of the strains of C. histolyticum used in this work, A and B 
were obtained from Dr. Weinberg of the Pasteur Institute, 
Paris; 4972 and 7263 were obtained from the American Type 
Culture Collection. Strain 4972 seemed to be primarily in the 
rough phase and the rough variants of the others were obtained 
by colony selection (Hoogerheide, 1937). All of the strains of 
Clostridium sporogenes were obtained from the American Tj^ie 
Culture Collection. The organisms were grown on liver-veal 
infusion agar (Spray’s medium) in Mclntosh-Fildes jars, at 
37°C., for 24 hours. 

Each plate was inoculated from a single, isolated colony. After 
incubation, the plates were examined under a dissection micro- 
scope and any intermediate colonies were removed. In the 
preparation of suspensions of the organisms in the smooth phase, 
which were to be used for immunization, two streaks were made 
with a platinum loop the full width of the petri dish and the 
bacteria were inoculated into semi-solid glucose agar containing 
brom-thymol-blue. These tubes of agar were incubated at 37‘’C. 
for 24 hours, at which time it was possible to ascertain that there 
was no acid formation, and hence, extremely slight, if any, 
contamination with rough variants. The bacteria on the plates, 
which in the meantime had been stored in the refrigerator, were 
suspended in 0.85 per cent NaCl and washed three times by 
centrifuging. The suspensions were filtered through cotton to 
remove clumps. 

The antisera were prepared by the injection of healthy, male 
rabbits with a fresh suspension of the washed org anisms con- 
taining 600 million bacteria per cc. This was administered 
intravenously in doses of 1, 2, and 3.6 cc., at 6-day intervals. 
Five days after the third injection, the rabbits were bled from 
the heart, the blood allowed to clot, and the serum was separated. 
One-hundredth of one per cent Merthiolate was added to the 
immune serum as a preservative. 
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Fresh suspensions for the agglutination tests were prepared 
daily. Agglutination was carried out at 56°C. for 2 hours. The 
tubes were allowed to stand overnight at 4° to 5°C. before the 
final readings were taken. In each set of agglutinations, a 
control tube, containing equal parts of the bacterial suspension 
and normal rabbit serum diluted 1:20, was incubated with the 
others as a control for any tendency toward spontaneous agglu- 
tination on the part of the organisms used. 

In the course of the agglutination experiments, it was found of 
importance to use a young culture of the organisms in the smooth 
phase, since 48-hour cultures sometimes agglutinated slightly 
with antiserum prepared against organisms in the rough phase. 
The same phenomenon occurred if there was more than a trace 
of oxygen in the anaerobic jar, or if the suspensions of bacteria 
were allowed to stand at room temperature overnight. 

EXPERIMENTAL 

Antiserum prepared against the rough variant of strain 4972 
was used to agglutinate smooth and rough variants of strains A, 

B, 4972, and 7263 (table 1). The absence of agglutination of 
the organisms in the smooth phase indicated that there had been 
at least two changes in the antigenic structure associated with 
the S-R variation: a loss of a somatic surface antigen, and a 
probable change in the antigenic structure of the flagella. 

Because of the marked resemblance of the rough variants of 

C. histolyticum to C. sporogenes, various cultures of this latter 
organism were tested for agglutination against this antiserum. 
The titre to which these various strains agglutinated agreed with 
the results of Hall and Stark (1923) who found that strains 46, 
94, and 115 agglutinated much better with serum prepared 
against heterologous strains of C. sporogenes than did strains 54, 
118, and 133. The agglutination of strain 319 of C. sporogenes 
(1:640) was as high as that of two of the rough variants of 
C. histolyticum. It appears that there may be a number of 
common antigens in the various strains of these two species. 
Heating the suspensions of C. sporogenes to 100°C. for 1 hour to 
destroy the flagellar agglutinogens did not appreciably alter the 
titer to which they were agglutinated by this antiserum. 
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An antiserum prepared against C. histolyticum, strain A in the 
smooth phase, agglutinated to titer the other strains in this 
phase (table 2). The agglutination to high titer of the rough 
variant of the homologous strain and strain 4972, and the com- 
paratively slight agglutination shown by C. sporogenes indicated 
that these rough variants are true variants, indeed, and not 
chance contaminants. Strain specificity seemed to be uncovered 

TABLE 1 


Agglutination of C. sporogenes and of smooth and rough variants of C. histolyticum 
by antiserum to a rough variant of C. histolyticum 



The figures in the table indicate the amount of agglutination in each tube; 
-f +++ indicates complete agglutination; +++ almost complete; ++ partial; 
+ slight. 


by the S-R change in this organism, as shown by the difference 
in the titer to which the smooth and rough variants of strain B 
agglutinated with this antiserum. The complete agglutination 
exhibited by the organisms of this strain in the smooth phase, 
and the poor a^lutination shown by those in the rou^, can 
hardly be interpreted in any other way. 

An antiserum was prepared against strain 319 of C. sporopatiM. 











TABLE 2 

Agglutination of C. Bporogenes and of smooth and rough variants of C, histolyticum by antiserum to a smooth 

strain of C. histolyticum 
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This was tested against suspensions of the variants of strains 
A and B (table 3). The non-agglutination of the organisms in 
the smooth phase, and the agglutination to low titer of those in 
the rough, were in accordance with the results reported above. 

Since the results of these agglutination tests pointed toward 
the existence of an antigen on the somatic surface of the smooth 
bacilli which was not to be found on the rough variants, an 
attempt was made to isolate it. Extractions of thrice-washed 
bacteria were made with n/20 NaOH and n/20 HCl. The acid 
extraction gave superior results. Preliminary precipitation ex- 
periments indicated that this acid extract contained a substance 
which reacted with antisera prepared against organisms in the 


TABLE 3 

Agglutination of smooth and rough variants of C. histolyticum hy antiserum to 

C. sporogeneSf SI 9 


STRAIN USED 




DILUTION OP SBRUM 




CON- 

1‘20 

1-40 

1:80 

1:160 

1:320 

1:640 

M280 j 

1.2560 

1:5120 

TROL 

C, aparogenes 319. 

C. hiatolyticum: 

- 

++ 

++ 

+++ 

i 

++++ 

++++ 

++++ 


- 

- 

A Roush 

++++ 

++++ 

+++ 

++ 

++ 


- 

- 

- 


B Rough 

+ 


++ 


+ 

- 


- 

— 

— 

A Smooth 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

B Smooth 

— 

— 

— 

— 



— 

— 


— 


smooth pha.se, and that this substance was precipitated by 
75 per cent alcohol, but not by trichloracetic acid or full satura- 
tion with ammonium sulfate. Since this is what would be ex- 
pected of a complex polysaccharide, an attempt was made to 
prepare it by methods used in the isolation of polysaccharides. 

Four liters of 3 per cent Neopeptone, adjusted to pH 7.2, were 
inoculated with C. histolyticum strain A, in the smooth phase, 
and allowed to incubate for 36 hours. The bacteria were centri- 
fuged, washed three times with 0.85 per cent NaCl, and heated at 
80®C. for 10 minutes with ten times their volume of n/20 HCl. 
The mixture was centrifuged, the supernatant poured off and 
saved, and the extraction repeated. The supernatant was added 
to that from the first extraction, the mixture of the two brought 
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to pH 7.0 with 1 N NaOH, centrifuged, and the precipitate dis- 
carded. To the supernatant were added four volumes of absolute 
alcohol, and this mixture kept overnight in the refrigerator. The 
precipitate, obtained by centrifuging, was added to 20 cc. of 30 
per cent KOH and heated at 100°(1 for two hours. It was then 
neutralized with a saturated solution of trichloracetic acid, 
centrifuged, and the precipitate discarded. The supernatant 
fluid, after being dialyzed against running tap water for 48 hours, 
was added to four volumes of absolute alcohol and allowed to 
stand in the refrigerator. It was then centrifuged, the super- 
natant discarded, and the precipitate, a fine white powder, was 
dried. Some of it was dissolved in saline to give a concentration 
of 1:1500 and portion-s of this solution, undiluted and diluted 
1:10, 1:100 and 1:1000, were set up in precipitin tests against 

TABLE 4 


Precipitin tests of polysaccharide with rough and smooth antiserum 



DILXmON 

- 

1;10 

1:100 

1:1000 

Antiserum 

Precipitation 

llouifh 

rfc 

Smooth 

Rough 

Smooth 

+4-+ 

j Rough 

Smooth 1 

1 

Rough 

Smooth 

++ 


antisera to rough and smooth C. histolyticum. These were 
incubated at 37°('. for two hours, and were stored overnight at 
4° to 5°C. before the final reading was made (table 4). 

Although this white powder gave a slightly positive Biuret 
test, it was assumed that it was primarily carbohydrate in nature. 
The Molisch test was positive, the xanthoproteic test negative. 
The slightly positive Bimet test was no doubt due to protein 
breakdown products resulting from the hydrolysis with KOH, 
although most of these substances should have been removed 
by the trichloracetic acid precipitation and the dialysis. It gave 
a precipitate with a 0.5 per cent solution of the reduced base of 
crystal violet (4, 4', 4" hexamethyltriaminotriphenyl methane) 
and the reduced base of malachite green (4, 4" tetramethyl- 
diaminotriphenyl methane). These two reagents were reported 
by Chapman and Lieb (1937) to give precipitates with a polysac- 
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charide isolated from staphylococci, but not with polysaccharides 
non-bacterial in nature. 


DISCUSSION 

This study yielded evidence that the rough variants of Clostrid- 
ium histolyticum were true variants, and not chance contam- 
inants of Clostridium sporogenes. It appeared, however, that 
there are a number of antigens common to both Clostridium 
sporogenes and Clostridium histolyticum. These antigens did not 
enter into agglutination reactions of the normal smooth Clostrid- 
ium histolyticum, for they apparently were masked by the 
somatic surface antigen. When the smooth strains underwent a 
S-R change, the surface antigen was lost and the underlying, 
less specific, antigens then formed the somatic surface and came 
to play an important part in agglutination reactions. 

Hall and Stark (1923) and Starin and Dack (1923) found that 
Clostridium sporogenes would not agglutinate with antisera to a 
number of other spore-bearing anaerobes, nor would these 
organisms agglutinate with &nti-Clostridium sporogenes serum. 
Consequently, Clostridium sporogenes must be more closely re- 
lated to Clostridium histolyticum than to Clostridium welchii, 
Clostridium hotulinum, Clostridium oedematis-maligni, Clostridium 
hifermentans, Clostridium cenirosporogenes, Clostridium biUyricum, 
Clostridium tetani, or Clostridium tyrosinogenes, which were the 
organisms used by the former workers. It appeared, from the 
agglutination reactions of Clostridium sporogenes 319 and the 
agglutination reactions of the rough variant of Clostridium 
hiHolyticum strain B, that it may be impossible to differentiate 
by simple agglutination between a typical strain of Clostridium 
sporogenes and certain stable rough variants of Clostridium 
histolyticum. 


SUMMARY 

1. Normal smooth strains of Clostridium histolyticum did not 
agglutinate with an antiserum prepared agamst a rough variant. 

2. Rough variants, and certain strains of Clostridium spor- 



8-R CHANGE IN CLOSTRIDIUM HI8TOLYTICUM 


417 


ogenea, agglutinated with antisera to the normal smooth Clostrid- 
ium hiatolyticum or the rough variants. 

3. Rough variants agglutinated, although not to full titer, 
with antiserum to Clostridium sporogenes 319. 

4. The smooth strains of Clostridium histolyticum possessed a 
complex polysaccharide as a somatic surface antigen. 

The author wishes to express his appreciation to Dr. Ellice 
McDonald, Director, for his interest and encouragement in this 
work, and to Dr. J. Hoogerheide, who isolated the rough variants 
of Clostridium histolyticum. 
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Clostridium thermosaccharolyticum, produces acid and gas from 
a variety of carbohydrates and causes a “hard swell” type of 
spoilage in canned foods. The literature was reviewed and the 
organism described by McClung (1935 a and b). The lack of 
definite information on the fermentation of carbohydrates by 
pure cultures of thermophilic bacteria in general and the impor- 
tance of this organism in the spoilage of canned food warranted 
a study of its fermentation products. 

EXPERIMENTAL 

Two pure strains of C. thermosaccharolyticum, no. 5 and no. 20, 
were used. Culture 20 was, moreover, obtained by single-cell 
isolation. Since both cultures gave very similar results, they 
will not be differentiated in this report. The stock cultures were 
kept in corn-liver medium and transfers were made to liver-infu- 
sion broth to obtain active cultures for inocula. Unless other- 
wise stated, all cultures were incubated at 55° to 60°C. 

Favorable conditions for sugar utilization were first determined. 
In a 1-per-cent tryptone medium less than 10 per cent of the 
sugar was fermented. When calcium carbonate and reduced 
iron were added, sugar utilization increased considerably but was 
complete only when the original concentration of glucose was 1 
per cent. In an attempt to ferment completely higher concentra- 

^ This work has been aided by a grant from the Wisconsin Alumni Research 
Foundation. 
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tions of glucose, liver extract, yeast extract, asparagine, dibasic 
ammonium phosphate and an inorganic salt mixture were used 
as supplements to the tryptone. Fermentation was not appre- 
ciably increased in any of these media. Two-per-cent malt 
sprouts, however, was found to be a good medium when an excess 
of calcium carbonate was present. Since other additional nitro- 
gen sources had little effect upon the utilization of the sugar, it 
appeared that the influence of malt sprouts might be a “surface 
effect.” This possibility was suggested by an experiment in which 
a water extract of malt sprouts and the same plus asbestos were 
compared. The extract alone was ineffective, but a combina- 
tion of the two was as good as malt sprouts. Tryptone with 
asbestos also served as an adequate medium, but fermentation 
was not always so consistent as in the malt sprouts. The favor- 
able influence of particulate matter on the growth of bacteria in 
liquid media has been suggested as being due to: lowering the 
oxidation-reduction potential of the medium, supplying surface 
for the organisms, and adsorption of nutrients. In addition, the 
malt sprouts or the asbestos also prevents caking of the carbonate 
in the bottom of the flask and thus aids in the neutralization of 
acids. 

In all of the following fermentations approximately 6 cc. of an 
actively growing culture were inoculated into 300 cc. of 2-per-cent 
malt sprouts medium containing 3.5 grams of calcium carbonate 
and approximately 6 grams of glucose (sterilized separately). 

Identification of the products of the fermentation 

The gas evolved was bubbled through potassium hydroxide 
and the remainder was collected over water. The presence of 
carbon dioxide was verified by the partial neutralization of the 
potassium hydroxide solution by the gas and the precipitation of 
barium carbonate when barium chloride solution was added. 
The remaining gas was shown to be hydrogen by the combus- 
tion test. 

No acetylmethylcarbinol or 2,3-butylene glycol was found. 
Neutral volatile products were determined on a 60 cc. distillate 
from 200 cc. of fermentation liquor made alkaline to phenol- 
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phthalein. This distillate contained no significant amount of 
butyl alcohol, ethyl alcohol, acetone or isopropyl alcohol. 

Volatile acids were steam-distilled from an acid solution and 
identified by the Duclaux method as modified by Virtanen and 
Pulki (1928). By two methods of calculation, good agreement 
was obtained for acetic and butyric acids. Formic acid was 
absent according to the method of the Association of Official Agri- 
cultural Chemists (1930). 

The non-volatile acid fraction remaining from the steam dis- 
tillation was extracted for 48 hours with ethyl ether. The extract 
was taken up in water and an aliquot, titrated with barium hy- 
droxide, showed a large amount of non-volatile acid. Succinic 
acid was absent as shown by the failure to obtain silver succinate 
on addition of silver nitrate to the neutral solution. Since the 
solution gave a positive thiophene test for lactic acid, the zinc 
salt of the acid was prepared and analyzed. The water of crys- 
tallization of the salt was found to be 18.23 per cent, correspond- 
ing to the calculated value of 18.17 per cent for inactive zinc lac- 
tate. Polariscope readings also showed that the salt was inactive. 
The zinc oxide content of the anhydrous salt was 33.46 per cent 
compared with the theoretical value of 33.42 per cent. Ninety- 
six per cent of the theoretical quantity of lactic acid in the zinc 
lactate was obtained by the method of Friedemann and Graeser 
(1933). The identity of the lactic acid was confirmed by prepara- 
tion of the para-phenyl-phenacyl ester which melted at 141°C. 
compared with that of known lactic acid which melted at 141.5° 
C. The mixed melting point was 141°C. 

Methods of quantitative analysis 

When gases were to be determined, the carbon dioxide was 
absorbed in alkali and the remaining gas was collected over water 
and calculated as hydrogen. The gas dissolved in the fermenta- 
tion liquor was removed by aspiration with carbon-dioxide-free 
air. The carbon dioxide produced was calculated from the dif- 
ference between that of the fermented culture and an iminocu- 
lated control. 

Sugar was determined by the method of Stiles, Peterson and 
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Fred (1926). The Virtanen and Pulki (1928) distillation method 
was used for the deternndnation of volatile acids. Lactic acid 
was extracted with ether and determined by the method of 
Friedemann and Graeser (1933). 

Fermentation of glucose 

The dissimilation of glucose by C. thermosaccharolyticum was 
investigated by analyses of fermentations after incubation periods 
of 5 days at 58°C. Table 1 shows the results of a typical fer- 
mentation of glucose in which all products were determined. The 
weight, carbon and oxidation-reduction balances in each case 
approach the theoretical values, indicating that all major products 
have been found and that the determinations were made with 
relative accuracy. On the basis of these data, the breakdown of 
glucose by C. thermosaccharolyticum might be represented as 
follows: 


I 


CH,CHO + CO, + H, 

(64.2) (54.2) (54.2) 


1 


(17.2) 

I 

CHiCOOH -1- H, 

(17.2) (17.2) 


(81.1) 

1 

C,H.O, 

(62.2) 


(37.0) 


1 


CHjCHOflCOOH 

( 8 . 0 ) 


I 

CH,CH,CH,COOH 

( 18 . 8 ) 


The figures in bold-face are millimols found; the others were 
calculated. A comparison of the calculated values with those 
found is as follows: 
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CaleulaUd 

Found 


mM 

mM 

Carbon dioxide 

54 2 

54 7 

Hydrogen 

71 4 

71.4 

Acetic acid 

17.2 

15.1 


The agreement is satisfactory and apparently substantiates the 
above scheme of dissimilation. 

TABLE 1 


Products of glucose fermentation by C. thermosaccharolyticum 



WBIGHT 

CARBON 

OXIDIZED 

REDUCED 


tngm. 

mM 

mM 

mM 

mM 

Glucose used 

5600 

31 1 

186 7 



Products : 






Carbon dioxide 

2405 

54 7 

54 7 

109 3 


Hydrogen 

144 

71 4 



71.4 

Acetic acid 

908 

15 1 

30 2 



Butyric acid . 

1625 

18 5 

74 0 


37.0 

Lactic acid 

720 

8 0 

24.0 1 



Total 

Per cent recovery .... 

5802 

103 4 


182 9 
98 0 

109 3 

108 4 


0/R 1 008 


The effed of temperature upon the fermentation 

Since C. thermosaccharolyticum grows over a rather wide range 
of temperature, a series of cultures in glucose malt-sprouts 
medium were incubated at 37°, 45°, 55° and 65°C. The results 
of the analyses are reported in table 2. Practically all of the 
glucose was fermented at 45° and 55°C., lesser amounts at 37° 
and 65°C. Upon expression of the products in per cent of the 
glucose fermented, an interesting relation is observed. The 
volatile acids increased with increase in temperature. A higher 
percentage of the total appeared as acetic at the higher tempera- 
tures as shown by the increase in the ratio of acetic to butyric. 
The per cent of the glucose appearing as lactic acid and the total 
acidity decreased with increase in temperature. There was evi- 
dently a corresponding increase in gas formation. 

Since fermentation was much more active at the higher tem- 
peratures, it was postulated that perhaps the rapid evolution of 
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gas would remove oxygen from the flask and in that way affect 
the final products. Cultures were, therefore, set up with mercury 


TABLE 2 

The effect of temperature on products of glucose fermentation 


INCUBATION 1 

1 GLUCOflS USBD 

1 FIB CBNT OF THB OLUCOSB FXBIIBNTBD I 










BATtO 

Temper- 

ature 

Time 

MilU- 

grama 

Percent 

Acetic 

Butyric 

Lactic 

Total 

Ac/Bu 


With cotton plug 


•c. 

37 

days 

15 

4020 

65.1 

3 1 

10.6 

71.2 

84.9 

0.288 

45 

15 

6080 

98.4 

5 9 


66 5 

83.4 

0.539 

55 

15 

6090 

98 5 

6 5 

13.8 

56.9 

77 2 

0.476 

65 

15 

4460 


13.3 

17.4 

35 2 

65.9 

0 768 

55 

5 

6025 





72.7 

0.408 


With carbon dioxide and mercury seal 


37 

18 

5975 

97.2 

11.2 

29.2 

25.2 

65.6 

0 384 

45 

18 

6065 

98 6 

18.1 

35.9 

8.1 

62 1 

0.505 

55 

20 

6165 

97.4 

16.5 

34.8 

3.7 

55.0 

0.473 

55 

5 

6385 

95 5 

1 

15.2 

27 4 

10.8 

53.4 

0 555 


TABLE 3 

Products of xylose fermentation by C. thermosaccharolyticum 



WEIGHT 

CABBON 

OZIDIXED 

BEBUCBO 


mgm. 

mM 

mM 

mM 

mM 

Xylose used 

5846 

38 8 

193.8 



Products: 






Carbon dioxide 

2497 

56.7 

56.7 ! 

113.4 


Hydrogen 

117 

58 2 



58.2 

Acetic acid 

800 

13.2 

26.7 



Butyric acid 

1688 

19 2 

76.7 


38 4 

Lactic acid 

1117 

12 4 

37.2 

I 



Total 

6219 


197 3 

113.4 

96.6 

Per cent recovery 

106.3 


101.9 




O/R 1.176 


seals and carbon dioxide was bubbled through to remove the 
oxygen at the start. In these fermentations less lactic acid and 
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more volatile acids were formed at each temperature than in 
duplicate fermentations exposed to the air. 

Because of slow fermentation at the lower temperatures, it 
was necessary to incubate the above cultures for a relatively long 
time for more accurate comparison of results. In order to deter- 
mine the influence of a short incubation period on the products 
formed, two fermentations in this series were analyzed after 5 
days at 55°C. In the flasks with cotton plugs, there was little 
difference in the two series. In the flasks with carbon dioxide 
and mercury seals, there was slightly more butyric acid and less 
lactic acid after 20 days than after 5 days. This small difference 
may, however, be due only to variation between individual 
fermentations. 


Fermentation of xylose 

In order to compare the dissimilation of a pentose with that 
of the hexose reported above, duplicate fermentations of xylose 
were analyzed as previously described. The results of one of 
these are summarized in table 3. The same products appeared 
in about the same amounts as from glucose. Calculation of fer- 
mentation balances shows that the weight and carbon balances 
are good, but the oxidation-reduction balance is obviously too 
high. Similar results were obtained when the experiment was 
repeated. There is no evidence to indicate the formation of 
another product. Therefore, we can now offer no completely 
satisfactory explanation for this slight discrepancy. Some error 
may have resulted from impurities in the xylose which was pre- 
pared from corn-cob hydrolyzate. Optical rotation of the equi- 
librium mixture gave a value of [a] == +20.2 compared with 

= -1-19.0 reported by Hudson and Yanovsky (1917). 

DISCUSSION 

In sedition to the fact that its optimum temperature for growth 
is so high, C. thernwaaccharolyticum is remarkable for its ability 
to produce both lactic and butyric acids from glucose. Although 
it is generally agreed that lactic-acid bacteria do not produce 
butyric acid, there have been reports of lactic acid production by 
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some of the so-called mesophilic butyric-acid bacteria (Hussong 
and Hammer, 1930-31; Kubowitz, 1934; Ris, 1936). C. thermo- 
saccharolyticum differs, however, from a typical “butyric” in 
the formation of large proportions of lactic acid and no neutral 
volatile products. 

The close relationship between the production of butyric and 
actic acid by bacteria has also been demonstrated by Kubowitz 
(1934). In the presence of carbon monoxide the butyric-acid 
fermentation of Clostridium, hutyricum was inhibited and lactic 
acid became the principal product. Kubowitz suggested that, if 
the dissimilation of sugar be represented by: 


Sugar 





butyric acid) carbon dioxide , hydrogen 


lactic acid 


the relative amounts of end products would depend upon the 
velocity constants of reactions Ha and Ilb. In a normal but3rric 
fermentation the velocity constant of reaction Ila is large, and 
little or no lactic acid is formed. If, however, reaction Ila is 
inhibited by carbon monoxide, the concentration of the inter- 
mediate increases to such a point that reaction lib can proceed, 
and lactic acid is formed. That some such hypothesis might be 
applicable in the C. thermosaccharolyticum fermentation is indi- 
cated in the wide fluctuation in amounts of the various products 
formed under different conditions. In this case, reaction Ila 
would result in the formation of acetic acid in addition to butyric 
acid, carbon dioxide and hydrogen. We might then postulate 
that this reaction is inhibited by atmospheric oxygen with the 
result that lactic acid becomes the principal product of the 
fermentation. 

Another possiMe explanation might be that the formed lactic 
acid is further utilized by the organism, especially under condi- 
tions of rapid growth at elevated temperatures or in the strict 
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absence of atmospheric oxygen. At any rate, the wide variation 
in the ratio of the acids formed, as shown in table 2, indicates 
that temperature, atmospheric oxygen and perhaps other factors, 
have a pronounced effect upon the manner of dissimilation. 

SUMMARY 

A malt-sprouts base medium with calcium carbonate appeared 
to be the most satisfaidory of the several media tried for complete 
sugar utilization by Clostridium thermosaccharolyticum. The 
products of glucose fermentation were carbon dioxide, hydrogen, 
acetic acid, butyric acid and lactic acid. The ratio of products 
varied with change in temperature and appeared to be influenced 
by access of atmospheric oxygen to the fermentation. Neutral 
volatile ijroducts were either absent or present in very small 
amounts. Tests for formic acid, succinic acid, acetylmethyl- 
carbinol and 2,3-butylene glycol were negative. The products 
formed from xylose were the same as those from glucose. 

The author wishes to express his appreciation to Dr. Elizabeth 
McCoy, Dr. L. S. .McClung and Dr. W. H. Peterson for helpful 
advice and criticism during the progress of this work and in the 
preparation of this manuscript. 
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The last papers of this series, dealing with studies of the tissue 
extract requirements of the diphtheria bacillus for growth, de- 
scribed the separation of the essential substances contained in 
liver extract into an ether-soluble and ether-insoluble fraction 
(Mueller and Subbarow, 1937), and the identification of the 
former as pimelic acid (Mueller, 1937a). It is now possible to 
throw further light on the nature of the substances not extracted 
from acid aqueous solution by ether. 

Because of the advantages of fractional distillation over 
methods of precipitation or adsorption, in dealing with the com- 
plex mixture which confronts one in a tissue extract, a means was 
sought of converting as much as possible of the extractive material 
into a form of sufficient stability to withstand vacuum distilla- 
tion. Recalling the method suggested some years ago by Cher- 
buliez, Plattner and Ariel (1929; 1930) for distillation of amino 
acids after combined esterification and acetylation, it appeared 
possible that the same procedure might succeed with a somewhat 
different type of mixture. One would expect to obtain a very 
complex type of distillate, containing at least (1) simple esters of 
acids having no group subject to acetylation, (2) acetyl deriva- 
tives of amino or hydroxyl compounds, etc., but possessing no 
carboxyl group, and (3) combinations of the two. In any case, 
should one or more of the growth-promoting substances appear in 
such a distillate, careful fractionation might well permit a con- 
siderable degree of purification. 
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The writer was able, in 1932, to confirm the statements of 
Cherbuliez, Plattner and Ariel in regard to the yield and stability 
of distillates obtained by their method from protein hydrolysates; 
he prepared by partial hydrolysis with alkali, several acetylated 
amino acids in analytically pure form using redistilled fractions of 
such distillates. Some of these derivatives crystallize in a pure 
form much more readily than the amino acids themselves, into 
which they can easily be converted by acid hydrolysis. Since 
the work was carried out in connection with studies on the amino 
acids required for bacterial growth, it was not done in such a way 
as to be particularly suitable for publication, and has never been 
reported. Although, as far as can be learned, the method has 
been developed no further, either by its authors or by other 
workers, it appeared that it had many possibilities in connection 
with studies of amino acids, and that it might yield equally good 
results with many extractive materials. The greatest short- 
coming of the method as used five years ago was the failure to 
obtain anything approaching pure compounds by repeated frac- 
tional vacuum distillation. Experience gained in carrying out 
the isolation of pimelic acid indicated the likelihood of much 
greater success in that part of the method by using a fractionating 
column such as that of Rittenberg.i 

A preliminary experiment was carried out using 10 cc. of the 
alcoholic solution (4b) of the ether insoluble active fraction used 
in the control solution for the pimelic acid work. This con- 
tained about 0.4 gram solid material. The procedure followed 
was identical with that of Cherbuliez and his co-workers, except 
that the material was not refluxed either following saturation 
with HCl or after the addition of acetic anhydride and sodium 
acetate. The more strictly chemical details of this work will 
appear elsewhere (Mueller, 1937b). 

Distillation of the resulting “acetylated esters,” after removal 
of solvents and excess reagents, was carried out from a very small 
bulb with a slightly U-shaped side arm as receiver. An oil pump 
vacuum of about 0.04 mm. Hg was employed, and the temperature 


> Personal communication. 
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of the bath carried to 200° before decomposition of the residue 
began to occur. The distillate weighed 0.233 gram, a very satis- 
factory proportion of the total material taken. It was a light 
yellow oil containing some solid indefinitely crystalline material. 

The oil was drained from the solid as well as possible, and each 
was hydrolyzed by autoclaving with n/1 HCl at 10 pounds for 10 
minutes. Tests were carried out by adding the material, as 
indicated, to the following control solution: 


Casein hydrolysate (20 per cent) ... 0.6 cc. 

Cystine . . 1.0 mgm. 

Glutamic acid hydrochloride. 60.0 mgm. 

Lactic acid (as Na salt) . 0.1 cc. 

Pimelic acid ... . . 0.001 mgm. 

Salt mixture 
Phenol red 


Quantities given are for 10 cc. medium. 

Table 1 shows the effect of the addition of the hydrolyzed dis- 
tillates to the control solution. 

Since the addition of 0.01 cc. of the alcoholic 4b solution to 10 
cc. of control medium permits the formation of 3.2 to 3.5 mgm. 
bacterial N, it is clear that the distillate carries a considerable 
proportion of the activity. A larger scale preparation was there- 
for undertaken. 

Through the courtesy of Dr. Y. Subbarow of the Department 
of Biological Chemistry, Harvard University Medical School, and 
of the Lederle Company, Inc., Pearl River, New York, a concen- 
trate of 300 kilograms of liver was made available. Briefly, this 
consisted in the 96 per cent alcohol soluble fraction of an aqueous 
extract, concentrated in vacuo until 1.0 cc. was equivalent to 100 
grams liver tissue. Solid material, separating on long chilling, was 
removed by filtration, and the sjTupy filtrate, after acidification, 
was extracted with isoamyl alcohol. Vacuum distillation of the 
extract with the occasional addition of water, removed most of 
the isoamyl alcohol, leaving about 1 liter of an aqueous solution. 
The extract was supplied in this form by the Lederle Company, 
to whom the writer wishes to express his appreciation and thanks. 

The procedure followed in converting this material into its 
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acetylated esters is fully described elsewhere (Mueller, 1937b), 
and need not be repeated. It differs in no material respect from 
that recommended by Cherbuliez, Plattner and Ariel. 

The first distillation was carried out rapidly from a Claissen 
flask, and the distillate was divided roughly into (o) low, (6) 
medium and (c) high boiling fractions by means of a Fischer tri- 
angle. The quantities obtained were respectively 14.8, 62.0 and 
17.1 grams. Distillation was continued until the bath tempera- 
ture reached 220°, at which point some decomposition of the 
residue began to take place. 


TABLE 1* 

Effect of dietillatee of acetylated eaters of 


Tima 

KUMBSa 

COMPOBXTXOM OF UMBIVU 

BACTBSXAL N 

1 

Control + hydrolysate of solid portion, 0.02 mgm. 

mgm. 

1.16 

2 

Control + hydrolysate of solid portion, 0.05 mgm. 

1 74 

3 

Control + hydrolysate of solid portion, 0.1 mgm. 

2 20 

4 

Control + hydrolysate of solid portion, 0.2 mgm. 

2 88 

5 

Control + hydrolysate of liquid portion, 0.03 mgm. 

2 66 

6 

Control 4- hydrolysate of liquid portion, 0.076 mgm. 

3 02 

7 

Control -f hydrolysate of liquid portion, 0.16 mgm. 

3.30 

8 

Control + hydrolysate of liquid portion, 0.3 mgm. 

3 54 

9 

Control 

0 68 


* In the case of this particular experiment, the National Institute of Health 
strain of the Park 8 diphtheria bacillus was used instead of the Allen strain. 
The control was therefor enriched by 1.0 mgm. tryptophane and 0.06 oc. ethyl 
alcohol. 

These fractions, after hydrolysis of small portions with n/1 
HCl, when added to control media gave the results indicated in 
table 2. 

Evidently the low boiling fraction alone is either without 
growth-promoting power, or contains an inhibitory substance. 
When mixed with the other fractions, the latter effect is indicated. 

These distillates were now slowly re-distilled from the Ritten- 
berg apparatus, modified by sealing on a glass bulb to permit deal- 
ii^ with large quantities. In this distillation, the original three 
fractions were expanded to thirteen. All of these were oils ex- 
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cept the second, which consisted of 3 to 4 grams of coarse white 
crystals, which were later identified as acetamide, resulting from 
the presence of ammonium salts in the extract. This fraction, 
very troublesome because of the obstruction of the side arm, which 
necessitated the use of a direct flame to keep the passage clear 
during distillation, could have been avoided by short alkaline 
vacuum distillation of the original extract to remove the NH». 

Hydrolysis of a few milligrams of each of these with HCl per- 
mitted the tests of table 3 to be carried out. 

In order to get additional information, each fraction was next 
tested over a wider quantitative range; then combinations of 
various fractions were tested in twos, attempting so to choose 


TABLE 2 

Effect of fractions of first distillate (Allen strain) 


TUBS 

NUMBBE 

, , i 

1 

COMPOUnOM OP MBDIUM 

BACTBBIAL N 

1 

Control -f fraction (a), 1.0 mgm. 

mgm. 

0.21 

2 

Control -f fraction (b), 1.0 mgm. 

2 22 

3 1 

Control -b fraction (c), 1.0 mgm. 

2 00 

4 

Control + fractions (a) -f (b), 1.0 mgm. each 

1.54 

5 

Control -f fractions (a) + (c), 1.0 mgm. each 

1.66 

6 

Control 4- fractions (b) -f (c), 1.0 mgm. each 

3 08 

7 

Control 4- fractions (a) 4- (b) 4- (c), 1.0 mgm. each 

2 69 


quantities of each that a mutual or simply an additive effect 
could be brought out. Then more than two fractions were com- 
bined in the same way. It would be quite useless to present these 
experiments in detail. Of course, no one of these fractions repre- 
sents a pure compound. It is surprising how far below its boiling 
point a substance will begin to appear in a distillate, and how far 
above it, traces will still persist. Had there been any means of 
knowing the number of compounds in these distillates which 
either accelerate or inhibit the growth of our organism, and which 
ones would show an effect in the absence of the others, the 
analysis of these results would have been simplified. Without 
such knowledge, it was merely possible to conclude that the low- 
est o-nH the hi ghfis t fractions probably contained substances 
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inhibitory in concentrations of 1.0 mgm. or somewhat less, and 
that more than one, and possibly several accelerating substances 
were present. 

Gradually it became evident that the most striking mutual 
effect was shown by combining suitable quantities of the low- 


TABLE 3 

Ejfecta of fractions of second distillate 


TUBE MUMBIB 

COMKMITtOlf OB MBDIUM 

BACTBBtAt.N 

1 

Control + fraction 1, 1.0 mgm. 

mgm, 

0.16 

2 

Control + fraction 1, 0.1 mgm. 

0.14 

3 

Control + fraction 2, 1.0 mgm. 

0.18 

4 

Control 4“ fraction 2, 0.1 mgm. 

1.26 

5 

Control + fraction 3, 1.0 mgm. 

1.38 

6 

Control + fraction 3, 0.1 mgm. 

0.42 

7 

Control + fraction 4, 1.0 mgm. 

2 08 

8 

Control + fraction 4, 0.1 mgm. 

0 52 

9 

Control + fraction 5, 1.0 mgm. 

0.60 

10 

Control + fraction 5, 0.1 mgm. 

0.10 

11 

Control -f fraction 6, 1.0 mgm. 

1.42 

12 

Control 4* fraction 6, 0.1 mgm. 

0 32 

13 

Control 4- fraction 7, 1.0 mgm. 

0 72 

14 

Control 4- fraction 7, 0.1 mgm. 

0 28 

15 

Control + fraction 8, 1.0 mgm. 

2 04 

16 

Control 4- fraction 8, 0.1 mgm. 

0 68 

17 

Control 4- fraction 9, 1.0 mgm. 

1 38 

18 

Control 4“ fraction 9, 0.1 mgm. 

0.40 

19 

Control 4- fraction 10, 1.0 mgm. 

0.88 


Control 4" fraction 10, 0.1 mgm. 

0 24 

21 

Control 4“ fraction 11, 1.0 mgm. 

1.16 

22 

Control 4" fraction 11, 0.1 mgm. 

0 28 

23 

Control 4- fraction 12, 1.0 mgm. 

1.50 

24 

Control 4- fraction 12, 0.1 mgm. 

0.20 

25 

Control 4- fraction 13, 1.0 mgm. 

0.12 

26 

Control 4* fraction 13, 0.1 mgm. 

0 32 


boiling and of the high-boiling fractions. At this stage, too, the 
crystals making up the greater part of the second fraction were 
identified as acetamide, representing simply an inert impurity. 
The substance was present in solution also in fractions 1, 3 and 4. 
These fractions were consequently re-distilled rising a special 
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receiver which enabled the side arm of the distilling column more 
readily to be kept free from solid material. After concentrating 
the acetamide as completely as possible into a single fraction, it 
was recrystallized from chloroform, the mother liquors containing 
the active substance added to the fluid fractions, and again frac- 
tionally distilled, this time very slowly in an attempt to obtain 
the active material in as pure a state as possible. 

Acetamide was still present, however, in suflSicient quantity to 
separate on standing in the ice box from the two lowest boiling 
fractions. These likewise contained the highest concentration of 
active material. 

Meanwhile, all the other middle and high-boiling fractions had 
again been redistilled, very slowly. The procedure was to start 
with the lowest boiling, and separate it into perhaps three sub- 
tractions and an undistilled residue, with the heating of the bath 
and column carefully controlled by means of rheostats and am- 
meters, and the vapor temperature accurately noted with a 
thermocouple. The next higher boiling fraction would then be 
added, after lowering the bath and column temperatures to those 
at which the first fraction had begun to distil. By carefully in- 
creasing the heat, and noting the temperature of the vapors when 
distillation commenced, the distillate would be allowed to run 
into the sub-fraction already obtained which had passed over under 
similar conditions, commencing a new sub-fraction only when the 
temperature exceeded that of the highest one already obtained. 
In this way it was hoped that substances with boiling points dif- 
fering by only a few degrees from each other would gradually be- 
come concentrated into the same fraction. 

The redistillation of the entire 13 fractions in this way resulted 
in a total of but 11 fractions. By far the greatest bulk of the 
material was contained in fractions 6, 7 and 8. 

Tests of the two lowest boiling active fractions, containing 
acetamide were now carried out, adding fractions 6 and 10 in 
amounts of 1.0 mgm. and 0.5 mgm. respectively to the control. 
These two seemed to be the most effective in supplementing the 
effect of the low-boiling material. 

The results are shown in table 4. 
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This result, repeatedly confirmed and amplified, gave evidence 
of a substance exerting its effect over a comparatively narrow 
range of concentration, and either without effect or inhibitory 
below and above its active zone. 

The combined weight of fractions 1 and 2 was 0.68 gram. 
About half of the material was crystalline (acetamide ?). Hy- 
drolysis of these fractions was effected by refluxing for 1 hour 
with 25 cc. of about 1.5 n H1SO4. The solution was diluted some- 
what, and an excess of cold, saturated Ba(OH)> added, permitting 
the NHs to be distilled out in vacuo. The excess Ba was then 
accurately removed with dilute HtS 04 , and the water-clear solu- 
tion evaporated to dryness in vacuo. The resulting white granu- 


TABLE 4 

Effect of low-boiling material on controls supplemented by middle and high fractions 


TXTBB 

KUMBSm 

coMPosmoif or iiBmnii 

! 

BACntBULN 

1 

Control with fractions 6 and 10 + fraction 1.0 mgm. 

msm» 

1.10 

2 

Control with fractions 6 and 10 + fraction 1, 0.1 mgm. 

1.34 

3 

Control with fractions 6 and 10 + fraction 1, 0.01 mgm. 

2 29 

4 

Control with fractions 6 and 10 + fraction 2, 1.0 mgm. 

1.22 

5 

Control with fractions 6 and 10 + fraction 2, 0.1 mgm. 

2 40 

6 

Control with fractions 6 and 10 + fraction 2, 0.01 mgm. 

2 04 


Controls without fraction 1 or 2, but containing 6 and 10 produced regularly 
about 1.0 mgm. bacterial N. 


lar material was recrystallized three times from hot alcohol and 
in this way were finally obtained about 10 mgm. of white crystals. 

Even assuming this material to be approximately pure, too 
little was available for analysis with the available facilities. 
Fortunately it was possible to identify it another way almost as 
soon as obtained. 

Knight (personal communication) had recently shown that his 
'‘staphylococcus vitamine” was a mixture of nicotinic acid and 
vitamin Bi. Both these substances were at once tried in various 
combinations with our distillate fraction, and on the same day 
that the above crystals were obtained it became evident that 
nicotinic acid, when substituted for the low-boiling material, in 
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TABLE 6 


ComparUon of the effects of the crystals from liver and nicotinic acid 


TUBS 

MUM- 

BIB 

C0MP081T10M or MXDXUM 

BACTB- 
BXAL N 

1 

Control with fractions 6 and 10 + crystals, 1.0 mgm. 

mgm, 

1 10 

2 

Control with fractions 6 and 10 + crystals, 0.1 mgm. 

1 16 

3 

Control with fractions 6 and 10 -f crystals, 0.01 mgm. 

2 12 

4 

Control with fractions 6 and 10 -f crystals, 0.001 mgm. 

1 80 

5 

Control with fractions 6 and 10 ■+• crystals, 0.0001 mgm. 

1.10 

6 

Control with fractions 6 and 10 + nicotinic acid, 1.0 mgm. 

1 12 

7 

Control with fractions 6 and 10 + nicotinic acid, 0.1 mgm. 

1 32 

8 

Control wdth fractions 6 and 10 4* nicotinic acid, 0.01 mgm. 

2 92 

9 

Control with fractions 6 and 10 4* nicotinic acid, 0.001 mgm. 

1 54 

10 

Control with fractions 6 and 10 -f nicotinic acid, 0.0001 mgm. 

1 10 

11 

Control with fractions 6 and 10 

0 92 


TABLE 6 

Further comparison of effects produced by crystals from liver, nicotinic 
acid and its amide 


(Each tube contains LO mgm. fraction 10 in the control) 


•UBBTAMCB 

N 

Cryitals 

Nicotinic acid 

Nicotinamide 

Control 



0 34 


mgm. 

mgm. 

mgm. 

0.0001 i 

0.66 

0 66 


0 00025 

0.86 

0.86 


0 0005 

1 07 

1.11 


0.001 

1 51 

1 51 


0.002 

1,54 

1.79 


0.003 

1 89 

1.84 


0.004 

2 15 

2 02 


0 005 

2.20 

2.18 


0.01 

2.20 

2 29 

0 84 


2.04 

1 96 



1 62 

1.68 

(0.03 mgm.) 1.34 

0 05 

1.54 

1 45 

1 63 

0.1 

1.37 

1 38 

2 24 

0.8 



1 88 

1.0 



1.56 
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o- Crystals from Liver Extract. 
D- Nicotinic Acid. 

Fio. 1 


TABLE 7 


The effect of cryatah from liver, nicotinic acid and its amide in the absence of 

fractions 6 and 10 


■VBSTANCB 

BAGTBBXAL XnTBOOIN 

Crystals 

NiooUnio acid 

NMOtiaamide 

Control 



0.10 

mgm. 

mgm. 

msm* 

mgm. 

0.0001 

0.28 

0.27 


0 00026 

0 40 

0.40 

0.13 

0 0005 

0 64 

0 56 

0.23 

0 001 

0.91 

0.98 

0 48 


0.89 

0.86 

0.45 



0.08 

0.80 

0 01 

0.17 

0.08 

1.14 


0.22 

0.06 

1.33 

0 05 



0.87 

0.1 




0 26 



o.% 
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the presence of fractions 6 and 10, showed the same property of 
growth-acceleration when the amount used was neither too great 
nor too little. A comparison of the solubilities and crystal form 
showed close similarity, and a mixed melting point made the 
identity practically certain. The crystals from the liver, a mix- 
ture of these with nicotinic acid, and the latter alone, melted at 
234.0, 234.4 and 235.0 (uncorrected). 

Growth tests set up with the crystals and nicotinic acid in 
parallel, shown in table 5 give equally convincing biological proof 
of their identity. 

In table 6 and figure 1 are shown the results of a further com- 
parison of the crystals from liver and nicotinic acid through the 
zone of maximum effect. Results obtained with nicotinamide, 
the form in which the substance may well occur in the original 
tissue extract, are also included in the table. 

The part played by fractions 6 and 10, which have been in- 
cluded in the control media of the last three tables, is shown in 
table 7. 


DISCUSSION 

There can be no reasonable doubt that the 10 mgm. of crystal- 
line material isolated from liver extract by the procedure outlined 
is nicotinic acid, and that this substance accounts for a part of 
the growth-promoting activity of tissue extracts for the diph- 
theria bacillus. That additional substances play a part of equal 
or greater importance, is also clear. 

The effect of the nicotinic acid is peculiar in that there is 
evidently a well defined optimal concentration, below which, 
of course, no effect is exerted, and above which the effect is 
greatly diminished. The concentration necessary to produce 
maximal growth is evidently a function of the concentration of 
one or more other substances. For example, in the absence of 
“fraction 10,” the heaviest growth takes place with a concentra- 
tion of about 0.1 7 per cubic centimeter of medium, while in the 
presence of this fraction, about ten times that concentration 
must be supplied. Curiously, too, the amide of nicotinic acid 
appears to be only about one-tenth as effective, weight for weight. 
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as the acid, itself, although the general type of growth curve 
produced is the same. 

The discovery by Knight that nicotinic acid is required by the 
staphylococcus, taken together with the findings here presented 
for the diphtheria bacillus, increase the probability that a general 
group of substances will eventually become recognized as being 
the components of meat or tissue extracts so essential to the 
growth of many of the bacteria pathogenic for man and animals. 
Certain of the more fastidious organisms may require several, 
others only one or two. Knight finds that vitamin Bi is required 
by the staphylococcus in addition to nicotinic acid, and other 
workers have found it essential for quite different types or organ- 
isms. So far, it has not been possible to demonstrate an effect of 
this compoimd on the diphtheria bacillus. 

That several different extractive substances should be required 
by the diphtheria bacillus is not surprising. The work on amino- 
acid requirements reported in the earlier papers of this series 
suggests that the organism is definitely limited in its synthetic 
capabilities. There is no reason to assume that this limitation 
applies only to amino acids; as our general knowledge of various 
enzyme systems increases, to select but a single example, it be- 
comes more and more evident that many of these involve a com- 
plex interaction of several different substances. The fact that 
nicotinamide takes part in at least two such systems has recently 
become known, due to the work of Warburg et al. (1935) and of 
Euler et al. (1935) and their collaborators. It is altogether prob- 
able that its requirement by the diphtheria bacillus is in connec- 
tion with some such enzyme-co-enzyme mechanism, and that the 
organism, being unable to synthesize the pyridine nucleus, must 
obtain it, preformed, from its substrate. 

That the greater part of the remaining growth-promoting elBfect 
of tissue extract on the diphtheria bacillus will be found due to 
comparatively simple substances is definitely indicated by tha 
fact that they cmi be distilled without decomposition after 
esterification and acetylation, and will with stand acid hydrolysis. 
The writer hopes to be able to report later on the results of work 
now being carried on with these remaining factors. 
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CONCLUSIONS 

1. The method of Cherbuliez, Plattner and Ariel for prepara- 
tion and distillation of the acetylated esters of amino acids has 
been applied to a study of tissue extraction required by the diph- 
theria bacillus for growth. 

2. Distillates so prepared from a liver-extract concentrate con- 
tain the greater part of the growth-promoting activity of the 
extract. 

3. One of the active substances has been isolated in a quantity 
of about 10 mgm. from 300 kgm. of liver and identified as nico- 
tinic acid. Its maximum effect appears to be exerted at a con- 
centration of about 1 microgram per cubic centimeter of medium 
but varying somewhat with the composition of the control 
medium. Nicotinamide is effected in approximately ten times the 
concentration of the free acid. 

4. One or more additional active substances are also present in 
the distillate and are now being investigated. 
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Isopropyl alcohol as a fermentation product of certain butyl 
alcohol-producing bacteria was first demonstrated by Pring- 
sheim (1906). Folpmers (1920) found it among the products 
of Granulobacter butylicum (Beijerinck) and Van der Lek (1930) 
reported it as a characteristic product of the same species (which 
he called Clostridium butylicum (Beijerinck, Donker). Lang- 
lykke, Peterson and McCoy (1935) showed that different strains 
of this organism vary markedly in the relative production of 
isopropyl alcohol and acetone. 

Although isopropyl alcohol has long been recognized as a 
fermentation product, no direct evidence as to the manner of 
its formation has been presented. It is generally assumed to 
arise through the hydrogenation of acetone (Van der Lek (1930), 
Kluyver (1935), and Osbium (1935)). Such reductive processes 
are characteristic of the butyl alcohol bacteria. In the normal 
fermentation of carbohydrates butyric acid is first formed and 
then reduced to butyl alcohol. Several workers (Reilly et al. 
(1920), Speakman (1920), Blanchard and MacDonald (1935)) 
have shown that added propionic acid and aldehyde are also 
reduced to the corresponding alcohol. 

* Supported in part by a grant from the Special Research Fund of the Graduate 
School. 
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EXPERIMENTAL 

Cultures 

The cultures used, Clostridium butylicum strains 21 and 46,* 
have been described by Langlykke, Peterson and McCoy (1935). 
In addition to butyl and ethyl alcohols both produce acetone 
and isopropyl alcohol. Strain 21 produces little acetone while 
strain 46 produces both acetone and isopropyl alcohol in ap- 
preciable amounts. 


Medium 

It was desirable to employ a medium containing as little 
extraneous organic matter as possible. After a number of trials 
a medium composed of 0.07 per cent dibasic ammonium phos- 
phate, 0.5 per cent peptone, 0.1 per cent asparagine, about 3 
per cent glucose and tap water was selected. Neither peptone 
nor asparagine was adequate as the sole source of organic nitrogen. 

In order to obtain complete fermentation, ingress of air had to 
be avoided. If this was not done, an incomplete, acid fermen- 
tation resulted. Entrance of air was prevented by attaching a 
mercury seal to the flask. The gas formed in the initial acid 
fermentation displaced enough air to permit the reductive phase 
of the fermentation to proceed. 

Analytical methods 

Glucose was determined by the method of Stiles, Peterson and 
Fred (1926), and lactic acid by the method of Friedemann and 
Graeser (1933) applied to an ether extract of an aliquot of the 
culture. 

Neutral volatile products were determined on a distillate of 
the culture. For this piupose an aliquot of the culture was 
made diightly alkaline and about 50 per cent of the liquid was 
distilled off and collected under carbon dioxide-free water. The 
distillate was analyzed for butyl and ethyl alcohols by the 

< Both Btraiiu are called C. butylicum for the present, although Prof. Elizabeth 
McCoy of tiiis laboratory believes that, because of variations in certain character- 
istics, the two cultures may later have to be classified as different species. 
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method of Johnson (1932), acetone was determined by a mod- 
ification of Goodwin’s method (1920), and isopropyl alcohol 
by the oxidation procedure previously reported (Langlykke 
et al. (1935)). 

For the determination of volatile acids 100 cc. of the culture 
were concentrated by distillation to about 40 cc. and then ste am 
distilled until 500 cc. of distillate had been collected. But3rric 
and acetic acids were determined on this distillate by a modifica- 
tion of the procedure of Virtanen and Pulkki (1928). 

For the determination of 2,3-butylene glycol an ahquot of the 
culture was neutralized with sodium hydroxide, taken up with 
plaster of Paris, and extracted with ether for 48 hours. Water 
was added to the extract, the ether was distilled off and the 
aqueous solution was oxidized to acetaldehyde by acid periodate 
(Brockmann and Werkman (1933)). The acetaldehyde was 
absorbed and determined as in the lactic acid method of Friede- 
mann and Graeser (1933). Acetylmethyl carbinol was deter- 
mined directly on the culture by the distillation procedure of 
Langlykke and Peterson (1937). 

The procedure of Fromageot and Desneulle (1935) was applied 
to an ether extract of the culture for the determination of pyruvic 
acid. Ceric ammonium sulphate in acid solution was quan- 
titatively reduced with the oxidation of one mol of pyruvic acid 
to one of acetic acid and one of carbon dioxide. There was 97 
per cent recovery of pyruvic acid. When lactic acid was present, 
a correction of 0.098 mgm. per milligram of lactic acid was 
necessary. 


Products of the fermentation 

Although there have been many quantitative studies on the 
fermentation products of the butyl-alcohol-producing bacteria 
little has been done on the identification of these products. 
Before be ginning quantitative work it was therefore thought 
desirable to identify the products of one of these strains. 

For this purpose 14 liters of basic medium containing 100 
grams of calcium carbonate were inoculated with 400 cc. of a 
culture of strain 21 in 6 per cent corn mash. When fermentation 
was complete the culture was neutralized with sodium hydroxide 
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and about 30 per cent of the culture was distilled off to recover 
the neutral volatile products. These were then concentrated 
by repeated distillation, the concentrated material dehydrated 
with anhydrous potassium carbonate and fractionated, and the 
various fractions studied by the preparation of suitable 
derivatives. 

By determination of melting points and mixed melting points 
with derivatives of authentic compounds it was established that 
n-butyl alcohol, isopropyl alcohol and acetone were produced. 
The 3,5-dinitroben2oate prepared from the butyl alcohol fraction 
melted at 63° to 64°C. (authentic m. p., 63°C.), and the p-nitro- 
phenylhydrazone from the acetone fraction at 149°C. (authen- 
tic, 149° to 150°C.). Isopropyl alcohol was characterized by 
oxidizing to acetone and preparing the dibenzalacetone (m.p., 
111° to 112°C.; authentic, 110° to 111°C.) by the reaction with 
benzaldehyde. Direct evidence of the presence of ethyl alcohol 
could not be obtained. If this compound is produced, it is in 
such small amounts that a separation could not be effected. 
The evidence for the production of ethyl alcohol is admittedly 
weak and lies in the fact that a small value for ethyl alcohol is 
always obtained in the analysis by the method of Johnson (1932). 

Butylene glycol could not be demonstrated in the culture 
residue after evaporation. Several other fermentations were 
examined for acetylmethyl carbinol and for 2,3-butylene glycol 
by the method of Lemoigne as modified by Kluyver et al. (1925), 
but the results were uniformly negative. 

Reduction of acetone 

To determine whether acetone when added to the culture 
would be reduced, a number of experiments were carried out. 
A series of 75()-cc. Erlemneyer flasks containing the basic medium 
were sterilized at 15 pounds pressure for 40 minutes. Suflicient 
sterile glucose solution was added to bring the glucose content 
to 3 per cent, and then varying quantities of a sterile acetone 
solution were added. In each case the total volume was ad- 
justed to 600 cc. by addition of sterile water. A two per cent 
inoculum of a com mash culture of the organism was then added 
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to each flask except the controls, the mercury seals were applied, 
and the flasks allowed to incubate at 37°C. When fermentation 
was complete, as evidenced by the cessation of gassing, the 
flasks were analyzed for products. 

Data for strain 21 are presented in table 1. They indicate 
that the added acetone was almost completely converted to 
isopropyl alcohol, and that, as the quantity of added acetone 
was increased, there was an increased formation of isopropyl 
alcohol from the carbohydrates. This is due in part to the 
better fermentation of the carbohydrate when acetone was 
added, but probably another factor is involved. 

TABLE 1 


Reduction of added acetone in association with the fermentation of glucose {strain !B1) 



EXPERI- 
MENT 1 

EXPERI- 
MENT 2 

EXPERI- 
MENT 3 

EXPERI- 
MENT 4 

Glucose fermented, per liter 

mM 

122 7 

mM 

124 5 

mM 

129 5 

mM 

136 1 

Acetone added : 





Per liter 

0 0 

11.3 * 

22 6 

33 9 

Per 100 mM. glucose fermented . . 

0 0 

9.1 

17 5 

24 9 

Products (based on 100 mM. of glucose 
fermented) : 





Butyric acid 

9 85 

8 70 

8 25 

6 70 

Acetic acid . 

9 45 i 

8 90 

8 65 

8 10 

Butyl alcohol . . ... 

50 5 ! 

57 5 

54 6 

55 8 

Ethyl alcohol , 

3.3 

2 6 

2 2 

1 5 

Acetone ... 

1.5 

2.7 

3 6 

3 4 

Isopropyl alcohol 

16 1 

26 9 

39 2 

51.0 


It will be noted that as added acetone was increased, the 
ratio of the sum of isopropyl alcohol and acetone formed from 
the carbohydrate to the sum of butyl alcohol and butyric acid 
increased (from 0.29 in experiment 1 to 0.41 in experiment 4). 
In other words, production of three-carbon compounds increases 
at the expense of four-carbon compounds in the presence of the 
hydrogen acceptor, acetone. 

In the case of strain 46 the cultures containing added acetone 
had stopped gassing after five days while in those without added 
acetone gas was still forming at this time. Therefore the blank 
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fermentations were incubated for eight days. In spite of these 
differences in fermentation periods the results (table 2) show 
the general tendencies pointed out for strain 21. 

The great differences in the amounts of glucose fermented 
prevent direct comparison, but if experiment 4 and the control, 
which do not differ greatly in this respect, are compared it will 
be seen that the total production of acetone and isopropyl 
alcohol from the substrate is somewhat greater when acetone is 
added, though apparently acetone does not function so efficiently 
as a hydrogen acceptor for this strain as it does for strain 21. 

TABLE 2 


Reduction of added acetone in aesociaiion with the fermentation of glucose {strain 4$) 



SXPBRI- 
IISNT 1 

BXPBRI* 
IIBNT 2 

xxraRZ- 

mknt3 

BXFBRI- 

lOBMTl 

Glucose fermented, per liter 

mM 

69.2 

mM 

29 3 

mM 

45.8 

mM 

74.6 

Acetone added: 





Per liter 

0.0 

13.1 

26.3 

39.6 

Per 100 mM. glucose fermented 

00 

44 6 

67.4 

63.0 

Products (based on 100 mM. of glucose 
fermented): 





Butyl alcohol 

39.3 

36.1 

29.9 

40.1 

Ethyl alcohol 

1 9 

2.0 

1.7 

0.9 

Acetone 

6.6 

16.4 

30.4 

26.8 

Isopropyl alcohol 

18.8 

46.7 

64.5 

57.6 


Fermentation of pyruvic add 

Since the organisms studied could reduce the carbonyl group 
m acetone, experiments were conducted to determine whether 
this function was general or specific. For instance, if they could 
reduce pyruvic acid to lactic, the position of pyruvic acid as an 
intermediate in the fermentation mechanism might be doubtful. 

A series of 750-cc. Erlenmeyer flasks containing the basic 
medium were sterilized at 15 pounds pressure for 40 minutes. 
Pyruvic acid which had been twice redistilled under vacuum 
from the Eastman technical grade was added aseptically to 
sterile water to make a solution of convenient concentration. 
Glucose solution, pyruvic acid solution and sterile water vren 
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then added aseptically to each flask to give a final volume of 
600 cc. and varjung glucose and pyruvic acid concentrations as 
shown in table 3. An excess of calcium carbonate was added 
to each flask which was then inoculated with 2 per cent of a 
com mash culture of strain 21. 

After incubation for five days at 37°C. the cultures were an- 
alyzed with results shown in table 3. The data indicate a slight 
increase in the apparent lactic acid production, but the major 
portion of the added pyruvic acid is accounted for in the normal 
products of the fermentation. This does not demonstrate, 


TABLE 3 

Dissimilation of pyruvic acid added to a glucose fermentation {strain Bl) 



XXPBBXMKMT 

1 

XXPXBXlfXNT 

2 

XXPXRIlfXNT 

3 

Glucose fermented, per liter 

mM 

179.8 

mM 

149.6 

mM 

84 4 

Pyruvic acid fermented: 




Per liter 

0.0 

47.7 

125.4 

Per 100 mM. of glucose fermented 

0.0 

31.9 

148.7 

Products (based on 100 mM. of glucose fer- 
mented) : 




Butyric acid 

8.8 

7.8 

32.2 

Acetic acid 

17.1 

17.7 

77.6 

Lactic acid 

1 1 

1 6 

7.1 

Butyl alcohol 

44 6 

50 6 

41.7 

Ethyl alcohol — 

2.6 

3.6 

6 2 

Acetone 

1 6 

2.6 

4.0 

Isopropyl alcohol 

16.6 

30.6 

30.4 


however, that pyruvic acid is not directly reduced to lactic acid 
since this process may occur followed by metabolism of the 
lactic acid so formed. (Lactic acid, in the presence of glucose, 
is decomposed by strain 21.) 

Like acetone, pyruvic acid acts as a hydrogen acceptor, though 
this compound is not simply reduced. The ratio of the sum of 
isopropyl alcohol and acetone to the sum of butyric acid and 
butyl alcohol increased from 0.33 to 0.57 in the second experi- 
ment where 47.7 millimols of pyruvic acid were fermented. The 
apparent anomaly observed in experiment 3, where the ratio 
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dropped to 0.47, is due to the high production of acids. If these 
acids, which are also hydrogen acceptors, are not metabolized, 
more hydrogen is available for the other normal functions of 
the cell. 


Rediiction of acetylmethyl carhinol 

As was previously pointed out, neither acetylmethyl carbinol 
nor its reduction product, 2,3-butylene glycol, appears among 
the products of the fermentation by C. butylicum. Hence, added 
acetylmethyl carbinol, if directly reduced, might serve for study 

TABLE 4 


Reduction of added acetylmethyl carbinol in a glucose fermentation (strain £J) 



XXPBRIMXNT 

1 

EXrXRIMXNT 

2 

XXPXRIMBNT 

3 

Glucose fermented, per liter. 

mM 

95 8 

mM 

69 1 

mM 

53.8 

Acetylmethyl carbinol fermented: 




Per liter 

0 0 

11.7 

36.6 

Per 100 mM. glucose fermented. ... 

0 0 

16.9 

66.2 

Products (based on 100 mM. of glucose fer- 
mented) : 




Butyric acid 

9 7 

14.6 

19.7 

Acetic acid 

21 1 

29.6 

26.0 

Butyl alcohol 

47.0 

32.9 

22.8 

Ethyl alcohol 

2.9 

4 3 

14.9 

Acetone 

2.0 

2.3 

3.0 

Isopropyl alcohol 

11 7 

12.6 

16.8 

2,3-Butylene glycol 

0.0 

17.6 

66.0 


of the effect of a hydrogen acceptor on the course of the fer- 
mentation, without the objections attending the use of a hydro- 
gen acceptor which also performs other functions. 

Essentially the same procedure as in the preceding experiments 
was followed. The acetylmethyl carbinol solution was sterilized 
by filtration through a Berkefeld filter. The flasks were inocu- 
lated with strain 21 and were incubated at 37“C. for four days; 
gassing had then ceased. The cultures were analyzed with 
results reported in table 4. 

The figure for acetylmethyl carbinol utilized represents the 
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difference between that added and the amount remaining after 
fermentation. Actually the reduction was in each case approx- 
imately 95 per cent complete. Quantitatively, the yield of 
butylene glycol was 103.6 per cent in the case of experiment 2 
and 99.7 per cent in experiment 3, based on the acetylmethyl 
carbinol utilized. 

Although in each instance poor fermentations of the glucose 
were obtained with a high proportion of unconverted acetic 
acid, still the effect of the presence of a hydrogen acceptor may 
be noted. The ratio of three-carbon to four-carbon products 
increased from 0.24 in experiment 1 containing no additions to 
0.31 in experiment 2 and 0.43 in experiment 3. 

DISCUSSION 

The behavior of C. butylicum fermentations when a hydrogen 
acceptor is present may be explained on the assumption that 
both acetone and butyric acid arise from a common precursor, 
acetoacetic acid. Johnson, Peterson and Fred (1933), have 
shown that the related organism, Clostridium acetobutylicum, 
produces a carboxylase which readily causes the formation of 
acetone from acetoacetic acid, and it seems reasonable to suppose 
that the latter compound may also be hydrogenated to butyric 
acid provided that the hydrogen for this reduction is available. 
Presence of an acceptor competing for the available hydrogen 
for reduction would disturb the balanced reactions and favor 
the decarboxylation reaction by which acetone is produced over 
the reductive process through which butyric acid arises. 

It is true that the behavior noted is not proof that the three- 
and four-carbon products come from a common precursor. They 
may arise through separate reaction chains which would be 
similarly affected by the paucity of hydrogen because of the 
presence of a hydrogen acceptor. Thus, butyl alcohol may arise 
by condensation of two molecules of acetaldehyde to acetaldol, 
followed by rearrangement to butyric acid, and hydrogenation 
to butyl alcohol. It is not probable that acetaldol functions as 
an intermediate, as it has been shown by Johnson, Peterson 
and Fred (1933) and also by Blanchard and McDonald (1935) 
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that aldol is extremely toxic to the related organism, C. aceto- 
butylicum. Bernhauer and Kurschner (1935) agree that aldol 
does not figure in the fermentation mechanism of C. aceto- 
hutylicum. The assumption that acetoacetic acid is the common 
precursor of acetone and butyric acid, and subsequently of 
isopropyl and butyl alcohols, merely offers the most convenient 
explanation of the phenomena observed. 

The effect of hydrogen acceptors on the course of the fermenta- 
tion effected by LactohaciUus lycopenid has been studied by 
Nelson and Workman (1936), In agreement with the results 
reported in this investigation these authors found that acetal- 
dehyde and acetylmethyl carbinol were readily hydrogenated 
by their organism, and that the presence of these hydrogen 
acceptors caused an increase in oxidized products at the expense 
of reduced products formed from the carbohydrate. 

SXTMMABY 

1. Acetone and acetylmethyl carbinol added to glucose fer- 
mentations were reduced by Clostridium butylicum to the cor- 
responding alcohols, isopropyl alcohol, and 2,3-butylene glycol. 

2. The quantity of acetone reduced varied with different 
strains of the organism. 

3. Added p3n-uvic acid was fermented to the same products 
as are formed from glucose. 

4. Addition of acetone, pyruvic acid or acetylmethyl carbinol 
favors the production of isopropyl alcohol and acetone from the 
carbohydrate at the expense of butyl alcohol and butyric acid 
production. 

5. A proposed explanation of the effect of hydrogen acceptors 
is that both three- and fom-carbon compounds may arise from 
a common precursor, acetoacetic acid. 

REFERENCES 

BuRNBAtnDB, K., AND KCbschnbb, K. 1935 Butyl- und Aoeton-Giruiigen. I. 
KBtteilung: tlber ZviBohenprodukte der Butunol-AoetoB-Gamng. 
Biochem. Ztschr., 880, 379-^7. 

Bdanchabo, K. C., and MacDonald, J. 1035 BaoteruJ metaboliam. I. Th* 
redufitiofi of propionaldehyde aod of proidonio aeid by CkutriMum 
aeatobutylieum. Jour. Biol. Chem., 110, 146-150. 



REDUCTIVE PROCEBSES OF CLOSTRIDIUM BUTYLICUM 453 


BsocKMAim, M. C., AND WsRKMAN, C. H. 1033 Determination of 2,3-butylene 
glycol in fermentations. Indus, and Engin. Chem., Anal. Ed., 6, 
206-207. 

Folpmbrs, T. 1920 Zersetzung von Kohlehydraten durch Granulobakterium 
butylicum (Beijerinck). Tijdschr. Vergelijk. Geneesk., 6, 33-39. 

Fbisdemann, T. C., and Grabsbr, J. B. 1933 The determination of lactic acid. 
Jour. Biol. Chem., 100, 291-308, 

Fromaobot, C., and Dbsneullb, P. 1935 Eine neue Methode zur Bestimmung 
der Brenztraubens&ure. Biochem. Ztschr., 279, 174-183. 

Goodwin, L. F. 1920 The analysis of acetone by Messinger's method. Jour, 
Amer. Chem. Soc., 42, 39-45. 

Johnson, M. J. 1932 Determination of small amounts of ethyl and butyl alco- 
hols. Indus, and Engin. Chem., Anal. Ed., 4 , 20-22. 

Johnson, M. J., Pbtbrson, W. H., and Fred, E. B. 1933 Intermediary com- 
pounds in the acetone-butyl alcohol fermentation. Jour. Biol. Chem., 
101, 145-157. 

Klutver, a. j. 1935 Die bakteriellen Zuckerverg&r ungen. Ergeb. Enzym- 
forsch., 4 , 230-273. 

Kluyvbr, a. j., Donker, H. J. L., and Visser’t Hooft, F. 1925 tJber die 
Bildung von Acetylmethylcarbinol und 2,3-Butylenglykol im Stoff- 
wechsel der Hefe. Biochem. Ztschr., 161, 361-378. 

Lanqltkke, a. F., and Peterson, W. H. 1937 Determination of acetyl methyl 
carbinol. Effect on certain analytical procedures. Indus, and Engin. 
Chem., Anal. Ed., 9, 163-166. 

Langltkke, a, F., Peterson, W. H., and McCoy, E. 1935 Products from the 
fermentation of glucose and arabinose by butyric acid anaerobes. 
Jour. Bact., 29, 333-347. 

Nelson, M. E., and Wbrkman, C. H. 1936 Diversion of the normal heterolactic 
dissimilation by addition of hydrogen acceptors. Jour. Bact., 81, 
603-610. 

OsBURN, 0, L. 1935 The production of butyl and isopropyl alcohols by fermen- 
tative processes. Iowa State Col. Jour. Sci., 10, 97-98. 

Pringshbim, H. H. 1906 Ueber den Ursprung des Fuselols und eine Alkohole 
bildende Bakterienform. Centbl. Bakt., 2 Abt., 16, 300-321. 

Reilly, J., Hickinbottom, W. J., Henley, F. R., and Thaysbn, A. C. 1920 
The products of the “acetone :n-butyl alcohol” fermentation of carbo- 
hydrate material with special reference to some of the intermediate 
substances produced. Biochem. Jour., 14, 229-251. 

Spbakhan, H. B. 19^ Biochemistry of the acetone and butyl alcohol fermen- 
tation of starch by Bacillus grantUobacter pectinovorum. Jour. Biol. 
Chem., 41, 319-343. 

Stiles, H, R., Peterson, W. H., and Fred, E. B. 1926 A rapid method for the 
determination of sugar in bacterial cultures. Jour. Bact., 12, 427-439. 

Van der Lee, J. B. 1930 Onderzoekingen over de Butylalkoholgisting. Thesis, 
Delft. 

VtRTANEK, A, I., AND PuLKEi, L. 1928 The volatility with steam of water- 
soluble organic substances. Jour. Amer. Chem. Soc., 60, 3138-3151. 




A NEW CULTURE MEDIUM FOR RHIZOBIA» 

WILLIAM A. ALBRECHT and T. M. McCALLA* 

College of Agriculture, University of Missouri, Columbia, Missouri 

Received for publication May 17, 1937 

Calcium exists in by far the largest amount among the ex- 
changeable cations in a good soil, while available, or possibly 
exchangeable phosphorus is small in comparison. In the ordi- 
nary medium used for the growing of Rhizobia (Ashby, 1907) 
quite the reverse is true; namely, it contains a liberal supply of 
soluble phosphorus and a limited supply of soluble calcium. 
This reversal by the laboratory culture medium of the ratio of 
exchangeable calcium to phosphorus common in the soil may 
help to explain scant and slow growths, variant forms, and the 
dying out of cultures, commonly encountered in laboratory 
practices. 

Calcium adsorbed on the colloidal fraction of the soil was de- 
livered to the bacteria in larger amounts than was possible from 
a laboratory medium with the same level of calcium as a car- 
bonate. The adsorbed calcium proved most effective in pro- 
moting the growth of Rhizobia (McCalla, 1937), especially of 
the slow-growing varieties such as Rhizobium japonicum. This 
pointed to the need in the laboratory medium for a high level 
of calcium in a more readily usable but not highly ionized form. 

Calcium gluconate, which furnishes a soluble but not highly 
ionized compound; whose anion is structurally analogous to 
sugar; and which lowers the surface tension of the medium by 
accumulating in the surface next to the bacterial cell, suggested 
itself as a means of providing such a supply of this nutrient. 

^ Contribution from the Department of Soils, Missouri Agricultural Experi- 
ment Station Journal Series number 518. 

* Professor of Soils and Graduate Student in Soils respectively, College of 
Agriculture, University of Missouri, Columbia, Missouri. 
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Substituting such a soluble compound for calcium carbonate was 
considered advisable since it would give a clear medium with a 
high buffer capacity, would stimulate slow growers, and possibly 
would serve in lessening contamination. 

Accordingly the following medium for Rhizobia was tested: 


Sodium chloride 0.2 gram 

Magnesium sulphate 0.2 gram 

Sucrose 10.0 grams 

Calcium gluconate 1.5 grams 

Dissolve the above in distilled water 940.0 ml. 

Sauer kraut juice 20.0 ml. 

Hardwood ash extract 30.0 ml. 

(Boil 4 grams ash in 60 ml. water and filter after standing) 

Dipotassium phosphate n/ 10 10.0 ml. 

For solid medium add agar-agar 15.0 grams 


Adjust to pH 7.5 by means of potassium hydroxide. 

As an “accessory growth substance,” sauer-kraut juice was 
substituted for the yeast extract formerly used. Since yeast 
itself probably demands “accessory growth substances” of 
vegetable origin, it would seem logical to go directly to their 
source rather than to obtain them indirectly through the yeast. 
Trials of many unfermented vegetable extracts showed these to 
be superior to the yeast extract but not as potent as the sauer- 
kraut juice in speeding the growth of the microorganisms. The 
wood-ash extract was used in order to avoid the omission of some 
essential but less common nutrient minerals. It serves also to 
contribute some potassium. 

This medium has been used in the laboratory with decidedly 
improved results over the Ashby (1907) medium. This improve- 
ment was noted especially in the increased growth rate of the 
so-called “slow growers.” No abnormal or variant forms have 
appeared to date in a large number of cultures produced. Con- 
tamination has also been less than during the use of other media. 
The behavior of the Rhizobia on this medium, as judged by rates 
of multiplication and retention of common characters, stig gfts tfl 
that the medium is more nearly adapted to the needs of these 
microdrganisms and will serve more effectively ^^Iheir growth 
in the laboratory than the media commonly u^ lh the past. 
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Syphilis from the Standpoint of the 
Clinician. Peter P. Mayock, Chief 
of State Genito-Urinarj' Clinic, 
Wilkes-Barre, Pennsylvania. 

Social Work and Syphilis. Nellie 
Loftus, Chief Nurse and Social 
W'orker, State Clinic, Wilkes-Barre, 
Pa. 

Stenosing Proctitis, or the Sixth 
Venereal Disease. G, N. Fleugel^ 
State Genito-Urinary (Clinic, Wilkes- 
Barre, Pennsylvania, 

Modern Problems in the Experi- 
mental Study of Syphilis. Harry 
Eagle f United States Public Health 
Service, Washington, D. C. and the 
Johns Hopkins Medical School, Bal- 
timore, Maryland. 

Contrary to the accepted teaching 
of 25 years, it is questionable whether 
the Spirocheta pallida has ever been 
successfully cultivated on artificial 
media. Such regular cultivation of a 
truly pathogenic Spirocheta pallida is 
perhaps the most pressing problem in 
syphilis research. 

In the serodiagnosis of syphilis, it is 
important that aerologists devise new, 
more sensitive and more reliable mod- 
ifications of the laboratory tests; but it 
is even more important that laboratory 
technicians learn to use properly those 
technics which are already available. 


The nature of the reactive substance 
in syphilitic serum has been a long- 
standing mystery. It seems a plausi- 
ble working hypothesis, consistent 
with the known facts, that it is simply 
an antibody to the Spirocheta pallida. 
That this antibody reacts with a non- 
specific antigen (e.g., beef heart lipoid) 
may simply be due to the presence in 
the spirochete and in mammalian tissue 
of a serologically related antigenic 
factor, a cross-reaction for which there 
are numerous analogies. 

The nature of the ‘^immunity” (i.e., 
resistance to re-infection) engendered 
by syphilitic infection is as yet wholly 
obscure. The elucidation both of the 
biologic properties of the Spirocheta 
pallida j and of the nature of the anti- 
body response in the infected individ- 
ual, have been seriously handicapped 
by our inability to grow the organism 
in vitro. 

With respect to the chemotherapy of 
syphilis, although the arsphenaniines 
constitute a therapeutic agent of 
proved value, the mechanism of their 
action is as yet obscure. The elucida- 
tion of this problem may well provide 
a clue to the development of more 
effective, more rapid or safer methods 
of treatment. 

Tuberculous Tracheobronchitis. 

Preliminary Report or its Treat- 
ment BY Electrocoagulation. P. 
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W, DaviBOfij Department of Oto- 
laryngology and Bronchoscopy, The 
George F. Geisinger Memorial Hos- 
pital, Danville, Penn. 

The pathology of tuberculous tra- 
cheobronchitis has been well described 
by Dr. Leo Eloesser. Accurate diag- 
nosis of these lesions is not possible 
without bronchoscopic examination 
and it is only recently that the bron- 
choscope has been used as a means of 
diagnosis in tuberculous patients. 
During the past nine months we have 
had the opportunity of observing and 
treating three patients with tuber- 
culous, tracheal and bronchial lesions. 
While the number of patients treated 
is small, the results have been so con- 
sistently satisfactory that I think it 
is worth while to make a preliminary 
report with the hope that others will 
give this method a trial. 

I have been using an electro-coagu- 
lation current of low intensity, not 
with the idea of destroying all the 
tuberculous tissue present, but with 
the idea of inducing an acute inflamma- 
tory reaction locally, which results 
in increased blood supply and in has- 
tening production of fibrous tissue. 

No harmful effects were noted as a 
result of bronchoscopic examination 
and in each case the tracheo-bronchial 
lesions showed a consistent tendency 
to heal under the influence of treat- 
ment with a mild electro-coagulation 
current. 

The Relation of Catalase Activity 
TO THE MiCEOFLORA OF CtTRED AND 
Fermenting Tobacco. J. J, Reid, 
D. E. Haley, D» W. McKinetry and 
J. D, Surmatie, Division of Bacter- 
iology and Department of Agricul- 


tural and Biological Chemistry, 
The Pennsylvania State College, 
State College, Pa. 

An extensive flora was found on the 
leaves of cured Pennsylvania cigar- 
leaf tobacco. Spores of members of 
the genus Badllue, cocci, and fungi of 
the genera Aspergillus, Pencillium and 
Rhizopus comprised the major portion 
of the microflora present. Tobacco of 
poor quality showed fewer bacteria than 
tobacco of good quality, although in 
some cases the numbers of fungi pres- 
ent were greater than in the case of the 
better grades of tobacco. 

Catalase activity of the cured to- 
bacco was found to be directly related 
to the numbers of microorganisms 
present. High bacterial counts were 
invariably associated with marked 
catalase activity and low counts with 
little or no activity. 

During the fermentation process a 
marked increase in bacterial numbers 
was noted and this in every instance 
was accompanied by a relative increase 
in catalase activity. Vegetative cells 
of the genus Bacillus, occurring in 
chains of from 2 to 8 organisms, were 
observed. 

Any treatment of tobacco attempted 
which was found to inhibit the repro- 
duction of microorganisms, likewise 
prevented an increase in catalase 
activity. Treatments, on the other 
hand, that resulted in an increase in 
bacterial numbers, resulted in an in- 
crease in catalase activity. 

Normal catalase activity was re- 
stored to tobacco rendered inactive 
by heat by means of inoculation with 
pure cultures of bacilli isolated from 
cured and fermenting tobacco. 
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Received for publication May 13, 1937 

Glass disks, prepared by sintering- finely pulverized glass in 
a suitable mold (Bruce and Bent, 1931; Kirk, Craig and Rosen- 
fels, 1934; Shatenshtein, 1929) have found applications in the 
fields of chemistry (Prausnitz, 1924, 1929 and 1932), micro- 
chemistry (Kirk, 1933) and pharmacy (Prausnitz, 1930). As 
far as is known, there is no account in the literature of their 
employment in bacteriological work, except for the statement 
(Kirk, 1937) that they have been used satisfactorily for the steri- 
lization of Tyrode’s solution, peptic digests of protein and peptone 
and other materials of a similar nature. 

Very often in bacteriological work it is necessary to filter a 
small amount of material or to have a filter which is chemically 
clean as well as sterile. In immunological work it is imperative 
that filters be free from all foreign antigens. Sintered glass 
filters present these advantages, if they can be depended upon 
to withhold bacteria. 

The filters* used in our work are of Jena glass of the t3T)e shown 
in figure 1. The sintered glass disk, 30 mm. in diameter, is 
of “5 auf 3” porosity. The capacity of the funnel above the 
sintered glass disk is 30 cc. The funnel is fitted into a test tube 
with a side arm by means of a rubber stopper. After plugging 
the side arm with cotton, the assembly is autoclaved at 120°C. 
for 30 minutes. A pressure of about 75 cm. of mercury is applied 
during the filtration process. After use, the funnels are discon- 
nected from the test tube, placed in distilled water and boiled 

* Obtained from Fish-Schurman CorporaUon, 250 E. 43rd Street, New York. 
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for 15 minutes. The filters are then chemically cleaned by placing 
them in concentrated HjS04 to which is added a little NaNOs 
and NaC104, heating to 80° to 90°C. and allowing the solutions to 
act overnight. After rinsing the filters well, about 200 cc. of 
distilled water were filtered, as it was found that at least 125 cc. 
were required to pass through the filter before all traces of acid 
were removed. The conventional HsS04-K2Cr207 cleaning solu- 
tion was not used because of the objections pointed out by 
Laug (1934). 

Broth cultures of the following organisms have been filtered: 
Escherichia coli, Shigella dysenteriae (Shiga), EhertheUa typhosa, 



Fig. 1 


Serratia marcescens, Corynebacterium diphtheriae, Hemophilus in- 
fluenzae, Proteus vulgaris, Staphylococcus albus, Streptococcus 
hemolyticus (Group A), Vibrio choUrae and Vibrio metchnikovi. 
In no ease was the organism in question ever encountered in the 
filtrates. The volume of culture filtered at any one time varied 
from 3 to 50 cc. In the case of Proteus vulgaris the filtration 
process was carried out over a period of 5 hours. If the culture 
was heavy, filtration was likely to be very slow. In most cases 
sediments were avoided or the culture was centrifugalized for a 
short period and the supernatant employed for filtration. 

Having successfully withheld the organisms enumerated above 
in every instance, the filters were then employed for various other 
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purposes. The most frequent use has been for the preparation 
of sterile solutions of carbohydrates to be added to culture media. 
Solutions of cellobiose, glucose, glycerol, inositol, lactose, maltose, 
a-methyl glucoside, rhamnose, sucrose, salicin and trehalose have 
been filtered through the “3 G 5 auf 3” filters and have been found 
to be sterile in every instance. The filters were, likewise, found 
satisfactory for filtration of staphylococcus bacteriophage and 
dysentery bacteriophage, the group specific carbohydrate (Lance- 
field, 1933) and labile antigen (Mudd et al., 1937) of Group A 
/3-hemolytic streptococci, and tetanus toxin. Small amounts of 
rabbit immune sera have also been rendered sterile by filtration 
through the filters. They are especially advantageous when only 
small amounts of material are available. In the case of the 
glass filters only 0.5 cc. is lost in the filter and in manipulation, 
whereas in the medium sized Berkefeld filters the loss is about 
4.5 cc. 

The candles are still in use, and, after being used some twenty 
times, are filtering as rapidly as when new, i.e., 50 cc. in about 
28 minutes. 

Like the Berkefeld filters (Mudd, 1928) they carry a negative 
electrical charge; decolorizing the first portions of dilute solutions 
of gentian violet, but allowing a negatively charged dye, such as 
Congo red, to pass through. 


SUMMARY 

We have found Jena glass filters of “5 auf 3” porosity depend- 
able in withholding bacteria and highly advantageous in cases 
where it is necessary to work with small amounts, and where it is 
desirable to use a filter which is free from antigenic substances. 
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Received for publication March 26, 1937 
INTRODUCTION 

The investigations of Nelsser (1906), Massini (1907), Kowa- 
lenko (1910), and Baerthlein (1918) did much to establish 
bacterial variation or dissociation. A comprehensive review of 
the research on this subject has been given in articles by Hadley 
(1927), Dulaney (1928), Lewis (1934), and Torrey and Montu 
(1936) ; and will not be repeated in this publication. 

Most investigators, however, have concerned themselves with 
the variation in morphological and colonial characteristics, 
especially in regard to the smooth (S) and rough (R) types. 
Neisser (1906), in his first work on variation, noted that a non- 
lactose-fermenting colon-like organism gave daughter colonies 
which fermented lactose. Burri (1910) observed this same 
phenomenon in regard to sucrose fermentation, when he studied 
an organism isolated from fermenting grass. 

Many investigators have found no characteristic bio-chemical 
difference among their variants when the original culture was 
grown in media containing carbohydrates or higher alcohols, 
except lactose. The addition of certain chemicals to the media, 
however, has produced variants with new fermentation reactions. 
For instances, Dawson (1919) employed fat and Steam (1923) 
dyes in media for the growth of Escherichia coli, and found that 
this organism developed the power to ferment sucrose. Smirnow 

^ The material in this communication formed a part of a thesis submitted by 
the senior author in 1936. Univ. of Colo. Studies, vol. 23, pp. 74-76 (1936). 
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(1916), on the other hand, found that phenol media caused 
members of the colon group to lose their power to ferment 
carbohydrates. 

Variation occurs spontaneously under ordinary conditions of 
cultivation and also with environmental stimuli such as the 
presence of sugars, dyes, and changes in temperature. We have 
chosen the presence of sucrose in the medium as the environ- 
mental stimulus in this present investigation. The chief object 
was to study the characteristics of the variants which were 
produced when separate individual colonies from the mother 
culture were successively transplanted in sucrose broth for 
15 times. 


PBOCEDUEE AND MATEBIAL 

The cultures used in this investigation were obtained from 
the laboratory collection which has been kept in the department 
for over ten years. During this time, fresh slants were made 
every two or three months, and the cultural and morphological 
characteristics were checked from one to four times each year. 

The sucrose medium was prepared by adding 8 grams of Bacto- 
nutrient broth and 5 grams of sucrose to 1 liter of distilled water. 
The pH was adjusted to 7.0 to 7.1, and the medium was sterilized 
at 15 pounds pressure for 15 minutes. The eosin-methylene-blue 
medium was made from the dehydrated preparation prepared 
by the Difco Laboratories according to the formula of Levine. 

A group of 36 sucrose-negative organisms were chosen, 33 of 
these belonging to the Escherichia group and 3 to the Aerobacter 
group. These cultmes had been purified by the streak method at 
least 15 times, and have* given during the last 10 years negative 
reactions after 10 days’ incubation in sucrose medium. Eosin- 
methylene-blue plates were streaked from the stock cultures of 
these organisms. After incubation, one well-isolated colony was 
used for restreaking on eosin-methylene-blue agar. Twenty-five 
colonies were selected from this later plate and each colony was 
sepajrately transferred to sucrose medium contained in Durham 
fermentation tubes. Transfers of 10 of the cultures which 
showed no gas production in 7 days were made every third day 
to fresh tubes of sucrose medium for 15 times. 
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EXPERIMENTAL RESULTS 

The percentage of gas produced in the Durham tubes of each 
of the transfers after 7 days’ incubation was carefully recorded. 
In most cases, it was found that all of the 25 colonies first inocu- 
lated into sucrose medium were negative to this sugar. In a few 
cultures, occasional colonies were found which were positive 
to sucrose. Sherman and Wing (1937) have just reported this 
same phenomenon. If an organism showed one or more positive 
sucrose reactions in any of the 25 sub-cultures, this organism 
was not used for further examination. 

Out of the 36 cultures finally tested, 27 (270 transplants) 
remained negative to sucrose throughout the 15 times of sub- 
culturing in sucrose broth. Nine of the cultures showed an 
acquired ability to ferment sucrose in from 1 to 10 of the trans- 
plants. From the cultural reactions, the nine original organisms 
were named according to Bergey. There were four cultures of 
Escherichia coli; 1 of Escherichia alba; 2 of Escherichia gruenthcdi; 
and 2 of Aerohacter levans. 

In table 1 are shown the percentages of gas produced by the 
variants of cultures of E. coli. Table 2 shows the results for 
the cultures belonging to the species E. alba, E. gruenthali and 
A. levans. 

After the sucrose-positive organisms had been transplanted 
andjgrown for 15 times in sucrose medium, streaks were made of 
each culture. Twenty-five colonies were picked at random and 
placed in sucrose broth in order to determine whether or not all 
the sub-cultures were positive to sucrose. The majority of the 
tubes gave gas production, but in some cases there were a few 
of the sub-cultures which did not yet produce gas in sucrose 
broth. Throughout the experimental work, no difference was 
noticed as to the character of the colonies when the sucrose- 
positive and sucrose-negative variants were grown on plain agar 
and eosin-methylene-blue agar. Each variant was tested for 
motility, indol production, liquefaction of gelatin, for the V.P. — 
M.R. reaction; and for fermentation of a methyl glucoside, 
sucrose, salicin, dulcitol, cellose, and raffinose. No cultural 
reaction with the exception of sucrose fermentation had been 
changed. 
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* Figures are in percentage gas produced in seven days. 

t The numbers omitted up to 10 represent the colonies which remain negative to sucrose during the fifteen transplants. 



TABLE 2 
Production of yas 
Sucrose-positive variants 
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Fig. 1. Curves Showing Changes in pH by an Original Culture of A. levans 

AND ONE OF ITS SuCROSE-PoSITIVE VARIANTS WhBN EaCH IS GrOWN IN » 

Sucrose Medium 



Hours 


Fig. 2. Curves Showing Changes in pH by an Original Culture of E. coli 
AND ONE OF ITS SuCROSE-PoSITlVE VARIANTS WhEN EaCH IS GbOWN IN 

Sucrose Medium 
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The quantitative study of the progressive acid fermentation 
was conducted on one of the original cultures of A. levans and on 
one of its variants which developed the power to ferment sucrose. 
These organisms were grown in sucrose medium, and at frequent 
intervals during 180 hours, the pH values of the medium were 
determined. The curves representing the results of the change 
in pH are given in figure 1. Similar determinations were made 
for a culture of E. coli and one of its sucrose-positive variants. 
These results are shown in figure 2. 

A representative number of the sucrose-positive variants were 
placed on agar slants for permanent cultures. All of these 
cultures were transferred to sucrose broth after being stored for 
two years at about 4°C. In every case where the organisms 
were still alive the reaction to sucrose was still positive. 

DISCUSSION OP RESULTS 

The production of sucrose-positive variants is easy to accom- 
plish with some members of the Escherichia and Aerohacter 
groups. Of the 36 cultures tested, 9 or 25 per cent exhibited 
the power to produce variants which fermented sucrose. Some 
strains produced the variants with ease, as was the case with 
organism number 422. All the 10 sub-cultures of this organism 
began to ferment sucrose in 4 days. Other organisms acquired 
the ability with less ease, as may be seen from the results given 
by organism number 248, which produced only 1 sucrose-positive 
variant. Of the total of 90 transplants from the 9 organisms, 
58 per cent acquired the ability to ferment sucrose. 

The ability of bacteria to decompose carbohydrates with acid 
and gas production has been accepted by most bacteriologists 
as one of the most valuable means of classifying bacteria. The 
primary reason for making the investigation reported in this 
paper was to determine whether or not, in a classification like 
the one proposed by Bergey, the use of these fermentation re- 
actions for the separation of species could be justified. 

The results of the experiment submitted herewith seem to 
indicate that the fermentation of sucrose is not necessarily a 
constant characteristic. The acquired ability of the organisms 
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used in this research to ferment sucrose would, according to 
Bergey, place the mother colony and the variant in different 
classifications. The original cultures of E. coli — ^numbers 28 
42, 113, and 224 — were changed to Escherichia communior; those 
of A. levans — ^numbers 346 and 422 — ^were changed into .4cro- 
hocter hibemicum; those of E. gruerdhali to Escherichia anin- 
dolica; and that of E. aJba to Escherichia gasirica. 

In studying the pH curves in figures 1 and 2, it will be dis- 
covered that the sucrose-positive variants developed a great 
capacity to form acid from sucrose. The original cultures 
showed an acid production for about 7 hours to a minimum pH 
of about 6.7; and then there was an abrupt rise in the curves 
imtil a pH of over 8.5 was reached in 180 hours. The sucrose- 
positive variants from these cultures, however, showed a rapidly 
descending curve to a pH value from 5.2 to 5.4 in 10 to 15 hours. 
The production of acid in the sucrose-positive variants was so 
great that it caused the death of the organism in most cases. 

It is not surprising that an organism fails to retain its stability 
when it is removed from its natural habitat and placed in an 
artificial environment. The results in this paper would justify 
the statement that the use of fermentative reactions, as obtained 
from sugar media, is not entirely satisfactory as a basis of the 
subdivision of the Escherichia and Aerobacter groups of bacteria. 
Sherman and Wing (1937) have expressed a similar conclusion 
in their recent publication. 


SUMMARY 

A study has been made of the variants produced by members 
of the Escherichia and Aerobacter groups when different species 
were serially transplanted in sucrose medium. The results may 
be summarized as follows: 

1. The production of sucrose-positive variants is readily ac- 
complished with some strains. 

2. An organism which develops very little acid in sucrose 
medium may give off variants which produce a large amount 
of acid. 

3. There was no difference in the appearance of the original 
cultures and the variants on eosin-methylene-blue a^ar. 
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4. The sucrose-positive variants in a few cases threw off 
sucrose-negative variants. 

5. The sucrose-positive variants retained the power to ferment 
sucrose after being stored for two years. 
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Dr. Charles B. Lipman (1931, 1932, 1934, 1935) has reported 
the occurrence of bacteria in various geological formations, such 
as ancient rocks, coal, and meteorites, and in old structures 
erected by man, such as the pre-Inca pyramids in Peru. His 
explanation of their presence, if correct, has considerable signifi- 
cance. He believes that the bacteria have remained quiescent 
or dormant in the coal since its formation, i.e., for millions of 
years and that the bacteria in the meteorites were present before 
the latter reached the earth’s atmosphere. 

Coal is believed to have been subjected to various degrees of 
pressure and heat during its formation. If the bacteria have 
survived the various stages through which coal passes in its 
formation, then it follows that either the coal is not subjected 
to great heat, or, under the conditions of coal formation, bac- 
teria are far more resistant to heat than has been reported under 
other conditions. Geologists believe, perhaps not unanimously, 
that some coal formations have been subjected to temperatures 
as high as 300°C. during formation. This would be for a long 
period. If bacteria in coal resist such temperatures, then almost 
the only way to sterilize a piece of coal by heat would be to burn 
it. It would be a startling phenomenon to find bacteria resist- 
ing such high temperatures over indefinitely long periods of time. 
To meet this objection, Lipman has reported extreme heat re- 
sistance of bacteria under experimental conditions. However, 
in considering Lipman’s theory of longevity of bacteria in coal, 
we must admit that jierhaps coal containing bacteria has not 
necessarily been subjected to great heat. If Lipman’s theory 
of the longevity of bacteria in coal is proven to be correct this 
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will probably be used as evidence that coal has not been sub- 
jected to great heat. 

Considering the importance of Lipman’s work, it seems strange 
that no more critical analysis has been given to it. Perhaps this 
can be accounted for as due to skepticism. The senior author 
became interested in the problems raised by Lipman in 1932, 
and has been conducting experiments dealing with the subject 
somewhat intermittently since that time. The present paper is 
for the purpose of reporting the results. 

Three explanations have been offered to account for isolation 
of bacteria from geological formations or material of human con- 
struction such as ancient building material: (1) the organisms 
recovered are contaminants due to some failure in technique; 

(2) they are the result of comparatively recent penetration; 

(3) they were in the material as formed and remained alive for 
indefinite periods of time, either dormant or vegetatively active. 

Dr. Lipman is a firm believer in the third explanation and 
favors the view that the organisms have remained dormant. 
Some formations have contained little moisture, probably not 
enough for bacterial metabolism. Since bacteria can multiply 
in surface and distilled water, we may assume that with water 
present growth might occur. 

Lieske (1932) has investigated the occurrence of bacteria in 
coal and obtained results comparable to that of Lipman. 

Farrell and Turner (1932) and Turner (1932) and FarreU 
(1933) believe the presence of bacteria in coal represents recent 
penetration and criticize Lipman’s work. They foimd the same 
organisms in the surface above the mine as in the coal, and after 
a personal inspection of the mine concluded there was evidence 
of water penetration. We consider Farrell and Turner are justi- 
fied in believing that recent penetration as an explanation must 
be eliminated before we can accept Lipman’s hypothesis. 

The similarity of organisms in the coal and at the surface is, 
however, to be eiqiected. Coal is brought to the surface and 
distributed over the surface of the earth. If organisms can sur- 
vive in the coal and grow in our test tubes, we can safely assume 
they can survive on the earth’s surface. The similarity or 
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dissimilarity between organisms in buried geological formations 
and those on the surface of the earth has no bearing on the ques- 
tion of longevity. 

The first explanation, that of poor technique, can safely be 
eliminated. It is possible to take fifty pieces of brick, heat them 
red hot to insure sterility, and apply the technique described 
below, which is comparable to that used by Lipman, and end 
up with sterile cultures. Contamination can be eliminated. 

Our work has been restricted mainly to an investigation of 
organisms isolated from coal and the penetration of bacteria into 
various formations. For our work Dr. Lipman very kindly 
sent us two organisms — a Gram-positive, pink-pigment-pro- 
ducing coccus and a Gram-negative bacillus. Both were non- 
spore-bearing in cultures. 

Since coal is formed under pressure and may be subjected to 
considerable heat, it seemed advisable to determine the heat 
resistance of Lipman’s organisms. In broth cultures both 
organisms were killed by pasteurizing temperature. The or- 
ganisms kept on a dried agar slant for three years were also 
easily killed by heat. The agar slant was cut in half and the 
organism recovered from the unheated half, not from the heated. 
Filterable forms of the Lipman’s coccus obtained by growth 
on Kendall’s K medium and filtration were killed by pasteuriza- 
tion. The organism apparently does not produce heat-resistant 
forms under the conditions of our experiments. They may do 
so in coal, but that requires an assumption that needs confirma- 
tion. Lipman, in support of his stand, believes that all bacteria 
form resistant cells and has recorded extreme heat resistance 
in coal. 

Some formations containing bacteria apparently contain little 
moisture over long periods of time. The organisms present, if 
they survive, must resist desiccation. The Lipman’s coccus 
survived in a dried state in our test tubes and on coal for four 
years. A number of common non-spore-bearing organisms, such 
as Staphylococcm aureua, Sardna hUea, and Pseudomonas aeru- 
ginosa survived the same conditions. This is too short a time 
to have any significance m relation to survival in the coal, but 
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it indicates they do not die quickly upon drying. The experi- 
ment would have had significance only if the organism had died. 

Penetration of bacteria into coal, rock, and other formations 
has a direct bearing on the problem raised by Dr. Lipman. Bac- 
teria pass through filters of diatomaceous earth. There is con- 
siderable evidence supporting the belief that they pass through 
a minute stage in their life cycle. We must consider that as 
air and water pass through minute pores, bacteria may be car- 
ried along. 

By connecting a fifteen- to twenty-pound air pressure to glass 
tubes, cemented in pieces of anthracite and bituminous coal, 
marine sandstone of miocene age, a recent sedimentary spring 
deposit, oligocene sandstone, and eocene basalt, and immersing 
the objects in water, it was possible to demonstrate the passage 
of air through the objects where no fissures or pores were visible 
to the unaided eye. Negative results were obtained in some 
cases, but moving the tube to another point might have produced 
positive results. 

To determine whether bacteria really penetrated coal ten 
pieces of bituminous and ten pieces of anthracite coal were auto- 
claved for four hours at fifteen pounds pressure and then placed 
in cultures of the Lipman coccus and left there for three weeks 
or longer. The coal was removed, surface sterilization applied, 
and the coal then placed in fiasks of broth. If no growth oc- 
curred in three weeks or longer, the pieces were ground up and 
the powder and small pieces placed in a fresh flask of broth. 

The surface sterilization consisted of immersion in 1:500 
mercuric chloride or superoxol for ten minutes or longer. This 
is suflicient for the non-spore-bearing organisms used. Fro- 
longed exposure was avoided. The pieces of coal were immersed 
for two minutes in two changes of boiling water to remove the 
bichloride or superoxol. They were then immersed in 95 per 
cent alcohol and flamed and then placed in broth. 

Of the twenty pieces of coal placed in broth after surface 
sterilization, six produced growth. However, the organism 
recovered was not the experimental organism but a i^ore-bearing 
contaminant. All of these six pieces of coal were treated with 
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the superoxol which was not as effective as the mercuric chloride 
for surface sterilization. 

The remaining fourteen pieces of coal were ground up and 
placed in fresh flasks. A pure culture of the experimental 
organism developed in six of the fourteen flasks. The rest re- 
mained sterile. 

The results obtained indicate that bacteria may penetrate 
coal beyond the reach of surface sterilization as applied. Also 
that they may not grow out to the surface when the coal is 
placed in broth. The penetration occurred in three weeks. Un- 
der natural conditions there is unlimited time to allow for deep 
penetration. 

We do not know that the autoclaving sterilized the coal, but 
since only the experimental organism was recovered from the 
interior we believe this to be a justified assumption, although 
the possibility of its being in the coal and surviving the heating 
must be considered. 

Brick is more porous than coal. Forty pieces were heated 
red hot for two hours to sterilize, then placed in cultures of four 
non-spore-bearing organisms — Lipman’s coccus, Escherichia coli, 
Pseudomonas aeruginosa, and Staphylococcus aureus. After 
three weeks they were tested in the same manner as the coal. 
No cultures were recovered. The mercuric chloride and super- 
oxol apparently penetrated the brick as far as the organisms. 
The sterilizing agents were removed by the washing, not enough 
reaching the flasks to inhibit growth. 

In nature penetration may be aided by the pressure of a 
column of water. A sterile brick was exposed at one spot to a 
three- to six-foot column, one-half inch in diameter, of a broth 
culture of Lipman’s coccus. After exposure the brick was sawed 
into ten pieces and the pieces treated as described. Lipman’s 
coccus was recovered from two of the ten pieces. This was re- 
peated four more times. Only one of the five bricks gave nega- 
tive results. 

The experiment was repeated with a piece of bituminous coal. 
When cut up Lipman’s coccus was recovered from six of ten 
pieces of coal. It is evident that recent penetration into what 
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appear to be impervious surfaces may account for the presence 
of the organisms recovered. 

Water passes for a considerable distance through cement 
walls, and wind through brick and mortar. Many geological 
formations are more porous. Pieces of coal placed in water for 
forty-eight hours showed an increase in wei^t from 0 to 60 
per cent. An exchange of air between the inside and outade 
of porous bodies or bodies with open fractures takes place with 
changes in temperature such as occur between day and night 
and winter and summer. 

Eighteen pieces of brick were sterilized by heating red hot 
for two hours and then buried six inches deep in a garden. Six 
months later they were dug up and treated as in the other experi- 
ments. Six of the pieces contained organisms beyond the reach 
of surface sterilization. Both cocci and bacilli were recovered. 

Two bricks were taken from the interior of the base of a large 
smoke stack that had stood for forty-five years and was being 
demolished. These bricks were cut up into smaller pieces and 
a number of the pieces tested for organisms by the method 
described. A number of different cocci and bacilli were recov- 
ered from the interior of the brick. 

We do not know that brick as manufactured is sterile. How- 
ever, a brick maker informed us that ordinary red bricks are 
heated for days to between 1200® and 2600®F. It appears 
to us that this should result in the destruction of bacteria in 
the bricks. It is significant that in our heated brick experiments 
we recovered only the experimental organism when using mer- 
curic bichloride for surface sterilization. 

Dr. Lipman has presented problems that are of great signifi- 
cance, difficult of solution, and that will probably be unsettled 
for some time. Unfortunately, we cannot examine coal as it is 
formed. We are satisfied that contamination can be ruled out 
as a po^ible explanation of the apparent recovery of bacteria 
from various geological formations. Recent penetration as an 
explanation has not been ruled out. 

The burden of proof still lies with Dr. Lipman. To disp^ 
reasonable doubt concerning the validity of his h 3 ^thesi 8 he 
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should eliminate penetration as a possible e3q)lanation. In- 
credible penetration is no more diflBcult of acceptance than 
incredible longevity and incredible heat resistance and it re- 
quires no more support from assumptions. If penetration is 
eventually ruled out as the explanation, there still remains the 
problem of whether the organisms have amazing longevity in 
a quiescent condition or whether they survive only in those 
environments suitable for carrying on their physiological 
activities. 


REFERENCES 

Lipman, Charles B. 1931 Living Microdrganisms in ancient rocks. Jour. 
Bact., 22, 183-198. 

Lipman, Charles B. 1932 Are there living bacteria in stony meteorites. 
Amer. Mus. Novit., No. 588, 1-19. 

Lipman, Charles B. 1934 Further evidence of the amazing longevity of bac- 
teria in coal. Science, 79, 230-231. 

Lipman, Charles B. 1935 Bacteria in travertine from the Yellowstone. Jour. 
Bact., 29, 3. 

Lieske, R. 1932 tJber das vorkommen von bakterien in kohlenfidzen. Bio- 
chem. Zeitsch., 250, 339-351. 

Farrell, Michael A. and Turner, Homer G. 1932 Bacteria in anthracite 
coal. Jour. Bact., 28 , 155-162. 

Turner, Homer G. 1932 Bacteria in Pennsylvania anthracite. Science, 76, 
121 - 122 . 

Farrell, Michael A. 1933 Living bacteria in ancient rocks and meteorites. 
Amer. Mus. Novit., No. 645, 1-3. 




BACTERIA IN COAL 

CHARLES B. LIPMAN 
University of California, Berkeley, California 

Received for publication June 17, 1937 

Before sending his paper on "Bacteria in Coal” to the editor 
of this journal Dr. Burke did me the courtesy to send it to me 
for perusal. He asked that I indicate whether or not his state- 
ment of my attitude on the subject is fair, and further that I 
make suggestions for corrections and references to unpublished 
literature. I replied to Dr. Burke by suggesting one correction 
for his discussion, and the inclusion of an important citation of 
a paper by Lieske. I told him further that since a letter did not 
lend itself w'ell to a scientific discussion I would defer a reply to 
his main argument until after his paper had appeared in print. 
The editor of this journal with Dr. Burke’s permission now asks 
for my reply to Dr. Burke’s article and I give it herewith. 

It is necessary at the outset to give the reader aAdewof the back- 
ground of the present discussion. Unless I have overlooked some 
papers which may have appeared in the last few years on the 
problem under discussion only three authors have dealt with this 
subject in this country, viz., in the order of their publications, the 
writer of this note, Farrell and Timier, and Burke whose paper 
occasions this note. In other words, other critics of my work 
(which formed the basis for the papers by Farrell and Turner and 
Burke) have no experiential basis for criticism of the work on 
coal bacteria. When I presented my paper on the bacteria in 
coal before the general botanical section of the A. A. A. S. at its 
Cleveland meeting in 1930 Dr. Farrell was present and discussed 
it briefly before the section and privately with me thereafter. 
The burden of his criticism was that the organisms which I found 
must have been contaminants since all his experiments showed 
coal to be absolviely sterile. After my paper appeared in print 
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Dr. Farrell published a paper to refute my results, but in it he 
mentioned nothing about finding coal absolutely sterile but stated 
that he did find bacteria in some specimens of coal and that 
these organisms had penetrated the coal from the air and the 
water in the mine from which the coal came, and in which he 
found similar organisms. He explains the fact that only some 
specimens of coal contain the organisms on the ground that only 
the coal which is fissured or cracked contains them and that coal 
which is free from fissmes is sterile. He gives photographs of 
sections of both kinds of coal which are presumed to prove his 
point. He does not note, however, that his unfissured coal 
plainly shows large fissures in the photograph as anyone can see 
for himself. Therefore, I presume that he means that the pieces 
which have more fissures permit the penetration of organisms 
whereas those which have less do not do so. It seems to me that 
this is a very vulnerable conclusion since even a few fissures 
should allow penetration of some bacteria if that is the explana- 
tion of the observations in question. He considers further that 
my statement to the effect that there was no water in the vicin- 
ity from which my samples come is incorrect. Here we have 
merely his statement of denial of an assertion made to me by the 
research chemist of the mine who sent me the slabs of coal with 
which I worked. Is there any good reason for assuming that 
Farrell is correct and my informant incorrect? But I shall dis- 
cuss the question of penetration of bacteria in the coal further 
below. However that may be, the ghost of contamination is 
now laid by the observations of all of us. This is done directly 
and irrefutably by Burke and by me and by implication after a 
different initial argument by Farrell and Turner. 

Let us now examine further into the claims made by Farrell 
and Turner and by Burke that bacterial penetration into the 
coal accounts for their presence there. Without making any 
studies on penetration of bacteria into coal Farrell and Turner 
merely draw the inference that bacteria in air and water in the 
mine have penetrated the coal since the same forms are found in 
both. Why, even if we admit that water has access to the coal 
in question, which for reasons given above I do not, may it not 
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be that the water and the air of the mine carry the bacteria which 
are naturally in the coal rather than the reverse? Burke, how- 
ever, has actually performed experiments to determine whether 
or not bacteria penetrate coal and he has a very different basis 
for his argument from that of Farrell and Turner. By way of 
answering Burke I would remind the reader that I gave an ac- 
count in my paper of an experiment in which I exposed for three 
months thoroughly sterilized coal to a heavy suspension of one 
of the organisms in active culture which I had isolated from the 
coal and found no penetration of the organism into the coal. 
Even Burke states that not all the pieces of coal which he exposed 
to suspensions of living bacteria did show penetration, but that 
most of them did. But if that is the case and bacteria in heavy 
suspensions will not in some instances penetrate coal, how can 
one expect penetration to be so effective as is claimed by Farrell 
and Turner and by Burke for enormous thicknesses of coal hori- 
zontally and vertically? And yet that is our problem. We have 
hundreds and even thousands of feet of thickness in the coal 
measures. Is it reasonable to suppose that air- and water-borne 
bacteria would penetrate these masses more or less thoroughly? 
We must remember that any small slab of coal taken anywhere 
contains some fragments with living bacteria. 

As regards Dr. Burke’s observations on the factor of high tem- 
peratures in our discussion I have two points to make. The 
first is a point which I have made elsewhere to the effect that a 
number of geologists whom I have consulted advise me that 
there is no necessity for assuming the existence of anything more 
than moderate temperatures in the coal measures. The second 
is that I have shown high heat resistance of bacteria in their 
natural state in coal, and that Zettnow has shown much higher 
heat resistance of certain bacterial spores which he studied. The 
lack of heat tolerance shown by the organisms in a vegetative 
state studied by Dr. Burke cannot have any cogency as regards 
heat resistance by spores. Bacteriological literature is rich in 
evidence on heat tolerance by spores from a knowledge of which 
every student of the present subject might profit. If the editor 
allowed me the space I could present a very interesting discus- 
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sion thereof. As it is, I must refrain from adding anything 
further on this subject except to state that if the reader does not 
believe that bacteria in coal have not been subjected to high 
temperatures he should master the literature of heat tolerance 
by bacterial spores. 

I proceed now to a discussion of still another set of observations 
and experiments which I have made and which bear on the ques- 
tion of penetration of bacteria into coal as claimed by Farrell 
and Turner and by Burke. During the past few years I have 
been studying old materials of historic or prehistoric known ages 
in order to see if any bacteria have survived in them. Studies of 
adobe bricks varying in age from about a century to forty-eight 
centuries disclose the presence of large numbers of living bacteria 
in the heart of the bricks. These numbers vary from several 
thousand to two or three hundred million of living bacteria per 
gram of dry brick, and that by the use of only one type of nu- 
trient medium. On specialized selective media many other 
forms of bacteria than those on the peptone soil agar plates have 
been shown to be present. How did these bacteria penetrate 
into the adobe bricks in question? Let us take the best type of 
case for the sake of our discussion out of many which I have 
studied. In the mission at San Luis Obispo in California there 
was found some time ago a room which had been forgotten for a 
century. The room had been sealed and was at one time a prison 
for soldiers. In this room there are foimd several very wide 
adobe brick walls from three to five or six feet in thickness and 
high enough in some cases to reach up to the clay tile roof above 
the mission. There is not the slightest sign of dripping water 
from the roof. The mission was built about 160 years ago. By 
taking bricks from the heart of the wall considered vertically and 
horizontally, and others from the outer part of the wall as con- 
trols, placing them for two or three minutes in hot parafiine at 
195°C. and then removing the heart of the brick for study the 
following results were obtained. Hundreds of millions of Uving 
bacteria per gram of the heart of the brick (peptone soil extract 
agar) were found in both the inner bricks and the outer bricks. 
Blue-green algae were found only in the outer bricks. Were 
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hundreds of millions of bacteria per gram of brick driven into the 
brick in the inside of the wall by the air currents in a perfectly 
dry and protected room where water could not have played any 
part? If so, why weren’t the blue-green algae (Nostoc and 
others) blown into the brick in the heart of the wall along with 
those numerous bacteria? Would air currents carry bacteria 
in uniform numbers to all parts of every brick? And yet we 
know that all the bricks studied give the same results. It is, 
of course, true that bricks 160 years old are not in the same 
case as those which are 5000 or 10,000 years old, but my results 
show numerous bacteria (perhaps in thousands per gram) in 
bricks which are forty-eight centuries old. In other words, some 
bacteria are much more resistant to desiccation as well as heat 
and for much longer periods than others and they would be the 
forms found in the oldest historic or geologic material. That 
this is a plausible assumption is attested by the studies of K. F. 
Meyer and his associates on heat resistance of Clostridium bo- 
tulinum spores and those of the flat-sour types. Unfortunately 
space in this paper will not permit my presenting additional 
cogent evidence against the theory of penetration of bacteria 
into rocks and coal as advocated by Burke and others. It is 
gratifying that all others agree with me that bacteria are foimd 
in coal even though they do not interpret their findings as I do 
mine. In this connection I cannot refrain from directing atten- 
tion to the fact that no one of my American critics has men- 
tioned the work of Lieske on bacteria in coal even though his 
studies have been much more extensive than any other investi- 
gator’s both in point of time and in variety of material. I was 
obliged to call the attention of even my friend Dr. Burke to 
Lieske’s investigations and especially to the article in which 
nearly five years ago Lieske gave confirmation to my results, ob- 
tained quite independently and differing with me only as regards 
how the bacteria in the coal maintain themselves there in a liv- 
ing state. Since Lieske is one of Germany’s most versatile and 
distinguished microbiologists it is surprising that my American 
critics are unaware of his work. 

When I have prepared for publication the vast amount of ex- 
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perimental data which I have gathered in the last decade I shall 
be able to convince everyone of the correctness of the points of 
view expressed above. Meanwhile I proceed with my investiga- 
tions never more buoyant and encouraged in my position in the 
controversy than now. 

In closing this brief reply to Dr. Burke and his school of thought 
which I presume is all which I can be allowed now, I wish to ex- 
press my sincere appreciation of Dr. Burke’s courtesy and gentle- 
manly attitude in our correspondence. He has evinced the 
attitude of the true scientist and has my high respect. 
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Certain bacteria are characterized by ability to perform vital 
functions necessary for their reproduction at temperatures which 
are decidedly inhibitory to most organisms. Some of these 
resistant forms grow normally at temperatures well above 60°C. 
Although some strains or types of non-sporulating organisms, 
as, for example, certain sarcinae, staphylococci, streptococci 
and lactobacilli, have been referred to as thermophilic, the most 
common and generally recognized thermophiles are spore-form- 
ing rods which resemble to a considerable extent certain members 
of the genus Bdcillm. 

Miquel (1879-1888) was perhaps the first to isolate a strictly 
thermophilic bacterium. He believed that this organism, which 
grew well at 70°C., contained a form of protoplasm different 
from that found in ordinary bacteria. From this time on there 
has been much speculation regarding the principles governing 
thermophilism. 

Dallinger (1887) reported that a certain flagellate which nor- 
mally could withstand a temperature of only 18°C. adapted 
itself over a period of seven years to normal growth at a tem- 
perature of 70°C. During this process of adaptation a change 
in vacuolization was noted, with a concurrent loss of moisture 
content. Davenport and Castle (1896) found that tadpoles 
hatched from eggs incubated at temperatures from nine to ten 
degrees higher than normal could withstand a temperature three 

^ This paper covers in part a dissertation submitted to the Graduate School of 
Yale University in candidacy for the degree of Doctor of Philosophy. 
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degrees above that ordinarily tolerated. Magoon (1926) and 
Williams (1936) developed a slightly more heat resistant strain 
of Bacillus mycoides, by selection. 

Water may play a considerable r61e in the ability of thermo- 
philic organisms to resist heat. Benecke (1912) claimed to have 
demonstrated that bacterial spores contain less moisture than do 
vegetative cells. This suggested the possibility of desiccation 
accounting for increased thermal resistance of spores. Fluegge 
(1886) and others found that spores are more easily killed by 
heat in water than in air. The conunon knowledge that moist 
heat is more lethal than dry heat further suggests the possible 
r61e of water. However, Virtanen and Pulkki (1933) held that 
spores of Bacillus mycoides do not possess a lower moisture con- 
tent than do vegetative cells of this species. 

von Esmarch (1888) believed that bacterial spores have a 
firm protective coating which partially prevents passage of heat. 
Lewith (1890) did not regard this assumption as plausible, be- 
cause thickness of the coating would be insignificant in its pro- 
tective effect. Virtanen (1934) computed that the insulating 
property of the spore wall would have to be a million times 
greater than that of^ ordinary air, in order to exert a definite 
protective effect. Lewith demonstrated that the coagulation 
temperature of pure albumin (egg) is inversely proportional to 
moisture content. Robertson (1927a) demonstrated an in- 
creased thermal resistance for various organisms in hypertonic 
solutions. This author (1927b) concluded that ability of living 
protoplasm to survive high temperatures may depend in part 
upon a low cell-moisture content, and presented data which 
suggested that (1) changes in the nature of the cell-wall mem- 
brane, (2) changes in the cells produced by growth in concen- 
trated sucrose solutions, and (3) changes evolved throu^ 
acclimatization processes, may be instrumental in producing 
cells which have a low moisture content and a consequent in- 
crease in thermal rerastance. 

Eabinowitsch (1896) observed that growth of certain thermo- 
philic bacteria on agar and broth was more luxuriant under 
anaerobic than under aerobic conditions at lower temperatures, 
while at higher temperatures the reverse was true. Schuetze 
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(1908) and Ambroz (1910-11) confirmed her findings, which indi- 
cated the possibility of oxidation-reduction playing a r61e in 
thermophilic growth. 

Virtanen suggested that an increased thermal resistance of 
spores over that of vegetative cells may be attributed to a firmer 
combination of enzyme and protein within the spore. 

Gasman and Rettger (1933) were unsuccessful in attempts to 
acclimate certain spore-forming bacilh to temperatures appre- 
ciably higher than the original maximum. Neither did desic- 
cation or growth in concentrated solutions of sucrose, peptone or 
sodium chloride result in increased heat tolerance. However, 
with nine common members of the genus Bacillus and three 
strictly thermophilic organisms they observed what appears 
to be a distinct correlation between maximum growth tempera- 
tures of the organisms and minimum temperatures of destruction 
of certain of the bacterial respiratory enzymes. 

The promising results of the last-named investigators stimu- 
lated the present writers to conduct a similar, but more exten- 
sive, study of the relationship of certain respiratory enzymes to 
the growth of bacteria at relatively high temperatures. 

Most, if not all, of the respiratory processes of bacteria are 
assumed to be accomplished through the intervention of en- 
zymes. Waldschmidt-Leitz (1929) defined enzymes as specific 
organic catalysts formed by living cells, but independent of the 
vital integrity of the cells. Stephenson (1930) stated that bac- 
terial respiration covers any chemical process in which energy 
is liberated which can be utilized by the cell. Reactions can 
take place either by activation of molecular oxygen or of any 
oxidizable substance. 

In this paper the term “enzyme” as applied to respiratory 
mechanisms of bacteria is employed for convenience, and is not 
used in the older and more restricted sense.^ 

Each of the common bacterial respiratory systems® contains 


* See Ph.D. dissertation of the senior author in the Yale University Library for 
description of methods, and for more extensive discussions than are presented 
here, 

•Stephenson (1930) reviews the various theories of bacterial respiratory 
systems. 
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at least one thermolabile enzyme, destruction of which would 
presumably inhibit proper functioning of the system. It seems 
reasonable to assume that, in order to grow, bacteria must re- 
spire. Any interference with the mechanism of respiration 
would necessitate either substitution of a different respiratory 
system or loss of the ability to respire. The last-mentioned 
possibility should result in cessation of growth processes. 

EXPERIMENTAL 

In the present investigation 104 organisms were employed, 
including 11 that were used by Gasman and Rettger (1933), 
and various strains from the stock culture collection of this 
laboratory and from those of several other institutions; also 
some isolations from hay, potatoes, soil, water, and leaves of 
various flowering plants and trees. 

Throughout the experimental work a medium of the following 
composition was employed, unless otherwise noted. 


Proteose-peptone, Difco 6 grams 

Bacto-beef extract, Difco 3 grams 

Distilled water 1000 cc. 


To obtain a solid medium, 15 grams of Difco granulated agar 
were added to this basal meditim. Various carbohydrates used 
were added in final concentrations of 1.0 per cent. 

Preliminary observations showed that some strains were im- 
properly labelled. While it was not necessary for an evaluation 
of experimental results that the taxonomic position of each 
strain be known, it was essential to separate cultures into differ- 
ent groups according to their physiological, morphological, and 
cultural characteristics, in order to determine possible group rela- 
tionships between their maximum growth temperatures and 
minimum temperatures of destruction of certain respiratory 
enzymes. It was postulated that such a relationship, if it could 
be established, should help to explain thermophilic growth. 

All strains were subjected to an extensive routine examination, 
to determine their purity and, whenever possible, their exact 
taxonomic position. No appreciable tendency to variation was 
noted in any established strains during the investigation. 
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By morphological, cultural, and physiological tests the final 
collection of stock cultures was divided into 17 groups, in addi- 
tion to a group of real thermophiles. The number of organisms 
in each group varied from 1 to 21. In a large majority of in- 
stances strains within a group were quite similar, within narrow 
limits. 

Twelve groups could be identified as known species of the 
genus Bacillus. The remaining groups, all Gram-positive, 
aerobic, spore-forming rods, could not be placed in any par- 
ticular species of this genus, although their characteristics were 
sufficiently different to warrant separation into groups. 

The Marburg strain of Bacillus subtilis was selected as the 
tjTpical B. subtilis strain, whereas the Michigan strain (Soule, 
1932) was placed with the Bacillus cereus type, which it more 
closely resembles, according to Conn's (1930) and our observa- 
tions. The Marburg type of B. subtilis and other strains which 
closely resembled it were consistently Voges-Proskauer-positive 
and methyl-red-negative, while the reverse was true of repre- 
sentatives of the B. cereus type. 

DETERMINATION OF MAXIMUM GROWTH TEMPERATURES 

Maximum temperatures permitting macroscopic growth within 
24 hours were determined in broth, agar slants and in glucose- 
agar shake tubes, all adjusted to pH 7.2. This information was 
regarded as important for several reasons; (1) to determine 
whether or not the type of culture medium is an important factor 
in studies of this kind, (2) to determine significant differences in 
weighted mean maximum growth temperatures of various groups 
of organisms, and (3) to measure the degree of correlation, if 
any, between these temperatures and minimum temperatures of 
destruction of certain respiratory enzymes. 

Multiplicate tubes of each medium previously heated to the 
temperature of incubation were seeded with 24-hour subcultures 
(grown at optimum temperature) of each strain. They were 
immediately placed in incubators in racks allowing ample circu- 
lation of air around the culture tubes. After 24 hours’ incuba- 
tion at given test temperatures they were examined for macro- 
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scopic evidence of growth, that is, clouding in broth, visible 
growth on agar slants, and colonies in shake tubes. 

These criteria of growth were arbitrarily chosen because of 
their common use in many routine bacteriological tests. They, 
in themselves, ignore, of course, the possibility of cell growth and 
increase in cell size without increase in number, or in suflBcient 
volume to be visible to the naked eye. They also exclude 
multiplication at extremely low rates at higher temperatures, 
similar to what Hansen (1933) noted in the growth of thermo- 
philes at and below room temperature. 

Variations in results on different occasions and within simul- 
taneously treated multiplicate sets indicated desirability of 
statistical methods as a means of deriving the most probable 
value for the maximum growth temperature of each strain. 
Some factors that may have been responsible for variations were 
not studied. Undoubtedly they included differences in incu- 
bators, media, individual strains, and errors of observation. 

Determinations of maximum growth temperatures of all stock 
strains required approximately 6,000 test tubes of media. The 
weighted mean maximum growth temperature was computed 
from the results for each strain grown on each of the three 
media. The hypothesis upon which computation of these values 
depends is stated here. 

If a tube of medium inoculated with the test organism is incu- 
bated considerably below the maximum growth temperature, 
growth may reasonably be expected to occur, no matter how 
many times the procedure is repeated. Conversely, at tempera- 
tures well above the critical point growth would never occur in 
spite of repeated trials. 

However, as the temperature of incubation approaches the 
region of maximum growth temperature from either of the two 
directions, the factors causing variation possess relatively greater 
magnitude, become operative and cause the chances of a posi- 
tive or negative result to become equal, or as one to one. Thus, 
the concept of maximum growth temperature is not that of a 
hair-line division immeasurably small, but rather that of a range 
from one to several degrees in extent. The weighted mean of 
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this range is the most probable value for the critical point de- 
sired, that is, the maximum growth temperature. 

Accordingly, the range may be defined as the difference in 
degrees Centigrade between the lowest and highest tem|>eratures 
for which both positive and negative tests are found within a 
series of multiplicate trials. Either positive or negative test 


TABLE 1 

Weighted mean maximum growth temperatures (with standard deviations) of the 

groups of stock strains 


PROBABLE CLASSIFICATION 

NTTHBER OF 
STRAINS 

WEIGHTED MEAN 
MAXlMOlf GROWTH 
TEMPERATURE 
(XN SLANT AGAR, 
AGAR BRAKE A 
BROTH TUBES) 

Bacillus mycoides 

4 

•c 

40.0 ±3.1 

B. prausnitzii 

1 

40.0 

Unidentified 

5 

41.8 ±1.5 

B. simplex 

3 

43.3 ±0.9 

B. cereus 

21 

44.7 ±1.9 

B. megatherium 

8 

46.0 ±1.0 

B. tumescens 

1 

46.0 

B. alvei 

3 

46.3 ±1.5 

B. petasites 

3 

46.3 ±0.5 

Unidentified 

4 

48.3 ±0.8 

B. niger 

1 

49.0 

Unidentified 

3 

51.3 ±0.5 

Unidentified 

5 

52.4 ±0.5 

B. subtilis 

10 

54.3 ±4.6 

B. vulgatus 

5 

55.0 ±2.5 

Unidentified 

6 

56.8 ±2.2 

B . mesentericus-f uscus 

12 

57.7 ±2.2 

Thermophiles 

9 

i 75.6 ±1.1 



Total 

104 

1 


figures may be used in computation, as both give similar results; 
arbitrarily, the former have been chosen. 

The weighted mean in this instance is the arithmetical average 
of this range. In computing this value the relative effect of 
each item on the final result is considered. Weighted mean 
maximum growth temperatures were computed for each strain 
for each medium. > 
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To discover the effect of varying culture medium upon upper 
limits of growth, the weighted mean maximum growth tempera- 
ture was computed for the entire collection of strains for each 
medium (broth, agar slant and agar shake tubes). No signifi- 
cant difference could be demonstrated, whether determinations 
were made in broth, on agar slants, or in agar shake tubes. 
The value for the weighted mean maximum growth temperature 
of all test organisms in each of the three media was 51.5°C. 

Thus, physical state of medium (liquid or solid) apparently 
did not affect the upper temperature limit of growth. Exposure 
to atmospheric oxygen on agar slant cultures did not raise or 
lower the value for the upper limit of growth as determined in 
broth or shake cxxltures. 

However, when strains were classified, as shown in table 1, into 
18 groups (including one group of thermophiles) according to 
their morphological, physiological and cultural characteristics, 
and the weighted mean maximum growth temperature was 
computed for each group, significant differences were found 
among certain groups, but not among values found by use of 
the three media for any one group. 

Within the single genus, BadUus, wide differences were found 
in upper limits of temperature-tolerating growth. These differ- 
ences were e^cially marked between the first five and the last 
five groups (excluding the thermophiles). 

MINIMUM TEMPERATURES OF DESTRUCTION OF RESPIRATORY 

ENZYMES 

From numerous thermolabile enzymes which have been re- 
ferred to as performing r61es of more or less importance in respira- 
tory mechanisms of bacteria, indo-phenol oxidase, catalase and 
succino-dehydrogenase were selected for further study, because 
earlier work in the laboratory had indicated a definite relation- 
ship between their min imum temperatures of destruction and 
maximum temperatures of growth of certain bacteria. 

Although tests for these three enzymes, and for peroxidase and 
hydrogen peroxide, were performed as nearly simultaneoiudy on 
each culture as experimental procedure permitted, they will be 
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discussed separately. A uniform procedure for all experimental 
work was devised, in order that results with different types of 
strains would be comparable. 

Determination of thermolabilities of various enzymes are most 
frequently made at relatively short periods of exposure, seldom 
of more than one-half hour’s duration. If longer periods had 
been used in this study, the minimum temperatures of destruc- 
tion for enzymes would not be comparable to those found by 
earlier workers. As 24 hours’ exposure was selected for maxi- 
mum growth temperature studies, and as growth is dependent, 
in part at least, upon proper functioning of respiratory enzymes, 
the same period was adopted for determinations of minimum 
temperatures of destruction of these enz3nmes. Certain data 
obtained, but not included here, showed the wisdom of this 
choice.^ 

Optimum pH for various tests was established by experi- 
mentation. In general, reagents and enzymes were not par- 
ticularly sensitive to changes in pH, and rather wide ranges 
were found to be satisfactory for tests. 

Influence of different concentrations of bacterial cells upon the 
tests was also studied. Suspensions of test organisms were 
prepared having turbidities varying from no. 0.5 to no. 6.0, 
McFarland’s barium sulphate nephelometer standard. Prac- 
tically identical results were obtained at various concentrations. 
A turbidity of no. 2.0 was adopted. 

The method of Quastel and Whetham (1924) for preparing so- 
called “resting bacteria” was used for obtaining a suspension of 
test organisms. This was considered advisable for this study, 
because the reactions are uncomplicated by analytic or synthetic 
growth processes. 

Tubes of nutrient broth were inoculated with the stock strains 
to be tested. After 24 hours’ incubation the cultures were poured 
asceptically over the surface of nutrient agar in KoUe flasks. At 
the expiration of 24 hours’ incubation at the optimum tempera- 
ture the organisms were removed and suspended in sterile dis- 
tilled water. The suspensions were centrifuged and washed 

* Ph.D. diBaertstion of the senior author in the Yale University Library. 
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twice (preliminary studies showed further washing and aeration 
to be imnecessary). The cell suspensions were then diluted to 
the desired turbidity. After dividing each suspension into eight 
aliquot portions, the different portions were subjected to different 
temperatures for 24 hours. The temperature range was 35°C. to 
70°C., with five degree intervals. The following tests were then 
carried out with each of the eight tubes. 

ENZYME TESTS 
Indo-phenol oxidase 

Keilin (1928-29) showed that oxidase activity in yeasts could 
be measured by using para-phenylenediamine-hydrochloride as a 
test reagent. Gasman and Rettger (1933) employed the fol- 
lowing method for detecting the presence of bacillary indo- 
phenol oxidase: 

Five tubes were required for each strain for each selected tem- 
perature. To each tube was added 0.5 cc. potassium dihydrogen 
phosphate-sodium hydroxide buffer, pH 7.3 (Clark, 1922) and 
0.5 cc. bacterial suspension. Tube 1 was not heated; tube 2 
was boiled for 15 minutes; tube 3 received potassium cyanide in 
a final concentration of 0.01 per cent; to tube 4 was added 0.1 
cc. of 3.0 per cent hydrogen peroxide; and to tube 5 three drops 
of a freshly prepared water extract of horseradish (peroxidase). 
When tube 2 was cool, 0.5 cc. of a 1.0 per cent solution of para- 
phenylenediamine-hydrochloride, buffered at pH 7.3 and pre- 
pared immediately before use, was added to each tube. Fol- 
lowing thorough mixing, the tubes were allowed to remain 
undisturbed; at definite intervals the degree of coloration was 
noted. Production of an intense brownish-purple color in tube 1 
was positive evidence of the presence of indo-phenol oxidase, 
providing tubes 2 and 3 were negative. Tubes 4 and 5 served as 
tests for peroxidase and hydrogen peroxide, respectively. The 
last two tubes, if positive, were significant only when tube 1 
was negative. 

Peroxidase 

Callow (1926) found that bacterial peroxidase is thermostable. 
Indeed, boiling the bacterial suspensions and cooling before add- 
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ing the test reagents increases both rapidity of appearance and 
intensity of color produced with this reagent. 

Farrell (1935) found that tincture of o-tolidine and an aqueous 
solution of 2,7 diamino-fluorene-hydrochloride were very sensi- 
tive reagents for determining the presence of peroxidase of strep- 
tococci. (’allow (1926) used guaiac and benzidine for detecting 
this enzyme. 

Schmidt and Hinderer (1932) suggested the use of 2,7 diamino- 
fluorene-hydrochloride as a valuable reagent for detection of 
blood, pasteurized milk, etc., because of its increased solubility 
and activity as compared with that of benzidine. Indeed, one 
drop of blood in 50,000 cc. of w'ater gave a strong positive test 
with 2,7 diamino-fluorene-hydrochloride, while benzidine failed 
to react. Since this new compound could not be obtained from 
any known source, it was prepared in this laboratory by the 
method of Schmidt and Hinderer (1931). 

The four above-mentioned test reagents were used as follows 
in this investigation for detecting peroxidase: (1) 1.0 per cent 
guaiac in 95 per cent alcohol, (2) 0.5 per cent benzidine in 50 
per cent alcohol, (3) 1.0 per cent o-tolidine in 50 per cent alcohol, 
and (4) 0.1 per cent 2,7 diamino-fluorene-hydrochloride in water 
to which a trace of levulose was added. 

One-tenth cubic centimeter of color reagent was added to a 
mixture of 0.5 cc. cell suspension, 0.5 cc. potassium hydrogen 
phthalate-sodium hydroxide buffer (pH 4.5) and 0.1 cc. of 3.0 
per cent hydrogen peroxide. Both heated (boiled for 15 minutes) 
and unheated supensions were tested. Appearance of a char- 
acteristic blue color constituted a positive test. 

Substitution of three drops of fresh water extract of horse- 
radish (peroxidase) in place of hydrogen peroxide served as a 
test reagent for peroxide. 


CATALASE 

Catalase differs from peroxidase in its action on hydrogen 
peroxide by producing a direct evolution of oxygen. Its pres- 
ence was detected by adding 0.1 cc. of 3.0 per cent hydrogen 
peroxide to a mixture of 0.5 cc. cell suspension and 0.5 cc. potas- 
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sium dihydrogen phosphate-sodium hydroxide buffer (pH 7.3). 
Evolution of gas bubbles constituted a positive test for catalase. 

Sucdno-dehydrogenase 

Methylene blue was used as indicator for succino-dehydro- 
genase activity of cells under anaerobic conditions. Two-tenths 
cubic centimeter of a 1:40,000 sterile solution of the dye was 
added to a mixture of 0.5 cc. cell suspension, 0.5 cc. sterile potas- 
sium dihydrogen phosphate-sodium hydroxide buffer (pH 7.3) 
and 0.3 cc. sterile 5.0 per cent neutralized succinic acid. The 
tubes were fastened by means of a rubber band around a beaker 
filled with cotton to give a white background. They were placed 
in a Novy Jar which was evacuated and incubated at 37°C. 
Readings were made of the degree of decolorization at convenient 
intervals. 


RESULTS 

A thermostable peroxidase was detected in all strains with 
each of the four color reagents. In no instance was hydrogen 
peroxide detected, although strong positive tests were given by 
m/10,000 dilutions of hydrogen peroxide as a control. This was 
expected, because of the presence of a strong catalase activity in 
each strain. 

Thermolabile indo-phenol oxidase, catalase and succino-dehy- 
drogenase were found in every bacterial strain; however, the 
degree of heat resistance of these re^iratory enzymes varied with 
the different bacterial strains. A typical set of data is given in 
table 2. Fairly close agreement ^tween maximum growth 
temp^ature (58'’C.) and minimum temperature of destruction 
of three enzymes, indo-phenol oxidase, catalase and succino- 
dehydrogenase (all 60*’C.) is shown in this table. 

In order to generalize upon this specific example by employing 
the data for all stock strains, weighted mean minimum tempera- 
tures of enzyme destruction were computed for each of the 17 
groups of aerobic spore-formers, and for the thermophiles. It 
will be seen in table 3 that some degree of relation^p exists 
between the two variables. 
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Statistical treatment of data made possible a determination of 
the degree of relationship, and permitted its expression in simple 
mathematical terms. 

TABLE 2 


A typical example of determinations of minimum temperatures of destruction of 
indo-phenol oxidaset catalaact and succino^ehydrogenaae 





TUBS NUMBXB 



1 

2 

3 

4 

ft 

ft 

Temperature 
of exposure.. 


■ 



66*C. 

60*C. 

6ft“C, 

70*0. 


Indo-phenol Oxidase 


TIME OF 





TUBS NUMBER 



BBAD2NO 


- 

1 2 3 4 ft 

1 2 3 4ft 

1 2 3 4ft 


1 2 3 4 5 

1 2 3 4ft 

minut«s 

15 




n 

Bi 







4ft 


— 


BBQ 


j — 

+- 

+- 
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iBtl 

Kiiil 

+++ 4+ 

+++ 4+ ! 

+++ 4+ 


1 ■■ indo*phenol oxidase, 2 heated control, 3 •« KCN control, 4 « peroxidase, and 6 hydrogen 
peroxide. 


Catalase 
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■1 




TUBS NUMBER 



BBADINQ 

B 

- 

1 

2 

3 

4 

5 

ft 

minuiea 

1ft 



+ 
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60 


— 



+ 
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Succino-dehydrogenase 


TIME or 


B 



TUBE NUMBER 



BBADINQ 

+ 

B 


2 

8 

B 

B 

6 

minutea 

1ft 

B 

■ 

B 

■ 



B 


30 

■I 

o 






- 

60 

II 

H 

bbIIIIIII 

IBH 

HJIIi 


IBH 

— 


negative, + poeitive, and 1, 2, 3, 4, varioue degrees of poeitiveness. 
Maximum growth temperature 68”C, 


Mean maximum growth temperatures as X values (independ- 
ent variable) for each of the 18 groups, and mean minimum tem- 
peratures of enzyme destruction as Y values (dependent variable) 
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for indo-phenol oxidase, catalase, and succino-dehydrogenase 
were plotted (figs. 1, 2, and 3). 

Arrangement of points suggested a strai^t-line relationship 
between the two variables for each enzyme. Consequently, 
equations for lines of regression of F on X (solid lines on graphs) 


TABLE 3 

The relation of the maximum growth temperatures of the stock strains to the minimum 
temperatures of destruction of certain enzymes for the eighteen groups 


FBOBABLX OLAMIFICATION 

NUMBBB 

or 

BTBAXNB 

MAXXMrm 

GBOWTB 

TBIIPBB- 

ATURB 

MlNIlfUM TXUPBRATT7RB OF 
PBSTRUCnOR 

Indo- 

phenol 

oxidase 

Cata- 

lase 

Succino- 

dehydro- 

genase 



•c 

•c 

•c 

*C 

Bacillus mycoides 

4 

40 

41 

41 

40 

B, prausnitzii 

1 

40 

44 

40 

40 

Unidentified 

5 

42 

52 

54 

49 

B, simplex 

3 

43 

55 

52 

40 

B, cereus 

21 

45 

48 

46 

50 

B. megatherium 

8 

46 

48 

50 

47 

B. iumescens 

1 

46 

55 

46 

46 

B. alvei 

3 

46 

51 

60 

53 

B. petasites 

3 

46 

47 

51 

45 

Unidentified 

4 

48 

50 

54 

67 

B. niger 

1 

49 

65 

65 

50 

Unidentified 

3 

61 

58 

55 

52 

Unidentified 

5 

52 

67 

57 

53 

B. subtilis 

10 

54 

60 

56 

51 

B. vulgaius 

5 

55 

56 

56 

50 

Unidentified 

6 

57 

56 

64 

55 

B. mesenterieus-fitscus 

12 

58 

60 

63 

53 

Thermophiles 

9 

76 

65 

67 

59 


for the three enzymes, indo-phenol oxidase (1), catalase (2) 
and succino-dehydrogenase (3), namely 


F» 23.0 + 0.69X 

(1) 

y = 19.9 + 0.66X 

(2) 

r » 31.8 + 0.36X 

(3) 


were fitted by the method of least squares. Lines constructed 
from these equations fit the data more closely than any other 
line that could be drawn through the array of points. 
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These lines picture the average relationship between the two 
variables for each enzyme. They show graphically the average 
change in minimum temperatures of destruction, (dependent 
variable) which accompanies or is produced by a given unit 
change in maximum growth temperatures (independent vari- 
able) . Equations of these lines are called equations of regression. 



40 50 60 70 80 


Growth Temperatures in 

Fia. 1 . The Relation of the Maximum Growth Temperatures of the Stock 
Strains to the Minimum Temperatures of Destruction of 
Indo-phenol Oxidase 

Sy, the standard error of estimate, is a measure of the closeness 
of the plotted points to the line of regression. If a value for 
this factor is large, points in general do not lie close to the line 
and the degree of relationship is not high. Conversely, if Sy has 
a low numerical value, points in general lie close to the line, and 
the degree of relationship is high. In the latter instance reli- 
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ability of estimates made with the equation of regression is the 
greater. Sixty-eight per cent of all observations will lie within 
the range ±Sy in a normal distribution. 

For indo-phenol oxidase a value of ±3.35°C., for catalase 
±4.0“C., and for succino-dehydrogenase rt3.0°C. was obtained. 

Catalase 
in ®0. 



Fio. 2. Tmi Rklation of thid Maxiuttu Growth Tempebatvrxs of thh Stock 
Strains to thx MiNiiitru Tbmpbbatvrbb of Dbbtbvction of Catalabb 

These values expressed the degree of dispersion of points about 
the line of regression. Furthermore, in 68 out of 100 instances 
miniTniini temperatures of destruction of indo-phenol oxidase as 
estimated by equation (1), of catalase (2), and of succino-dehy- 
drogenase (3) will not differ from observed values by more than 
±3.35“C., ±4.0°C., or ±3.0®C., respectively. 

It will be noted that this factor, Sy, is expressed in original 
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units (degrees Centigrade) of measurement of the Y variable. 
In many instances it would be more desirable to use an abstract 
measure which, not being expressed in original units of measure- 
ment, would be applicable for comparing data in units of differ- 
ent kind or magnitude. 

Suoc ino-dehydr ogenas e 
in ®C. 



Growth Temperatures in ®C, 

Fio. 3. Thb Relation of the Maxuitju Gbowth Tekpebatubes of the Stock 
Stbainb to the Minikuu TEMPEBATintBs OF Destbcction of 

SucaNO-DEHTOBOOENABB 

The coefficient of correlation, r, is such a device. This factor 
expresses abstractly the relative degree of relationship between 
two variables, regardless of size or kind of units of measurement 
used in mensuration or computation of either variable. 

For perfect correlation, r has a value of 1.0. Where no cor- 
relation exists a value of 0.0 is obtained. For direct correlation 
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the factor is generally written +1.0, for inverse correlation 
-1.0. 

Values obtained for coefficients of correlation, r, were: indo- 
phenol oxidase +0.8431, catalase +0.8451, and succino-dehydro- 
genase +0.7737. These express, in a single figure, the full de- 
gree of relationship (which must be considered as high) between 
the minimum temperatures of destruction of the three enzymes 
individually and the maximum growth temperatures of bacteria. 

The advantages of a simple expression which states the degree 
of such relationship as accurately, and much more simply, than 
does any table with a large number of recorded observations is 
apparent. General trend is shown, although at a sacrifice of 
non-essential detail.* 

It should be pointed out that for existence of a high degree of 
relationship it is not necessary that each pair of maximum 
growth and enzyme minimum destruction temperatures be 
identical, but only that increments in maximum growth tempera- 
tures be accompanied by proportional increases in minimum 
temperatures of destruction of enzymes. 

A possible objection to paucity of strains in certain groups 
was set aside by giving proper weight to each term in the sta- 
tistical treatment. 

To measure the effect of the three factors collectively upon 
maximum growth temperatures of bacteria, use was made of 
the coefficient of multiple correlation, Ri.m- This factor ex- 
presses degree of relationship between three independent vari- 
ables (minimiun temperatures of destruction of indo-phenol 
oxidase (*), catalase (»), and succino-dehydrogenase (4)) col- 
lectively, and the maximum temperatures of growth of organ- 
isms ( 1 ). 

In computing this index the effect that each factor exerts on 
maximum growth temperature is combined by the method of 
calculation with that of the other two. In this instance the 
value for Ri.m, 0.8466, indicated that a high degree of relation- 
ship exists, and, disregarding possible concealed factors, that 

* For a discufiQion of theory and derivations of the above statistical measures, 
Mills (1924) or any other standard work on statistics may be consulted. 
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enzyme temperatures of destruction may possibly play an impor- 
tant r61e in controlling maximum growth temperatures of 
bacteria. 


THE PROBLEM OP ESTIMATION 

Another application of equations of regression fitted by the 
method of least squares is to the problem of estimation. Sub- 
stitution of observed values for maximum growth temperatures 
of single strains of organisms, or of groups of strains in proper 
equations of regression of Y on X, permitted computation of the 
most probable value for an unknown minimum temperature of 
destruction of an enzyme. 

Conversely, maximum temperatures of growth can be com- 
puted if minimum temperatures of destruction of enzsmes are 
known, by employing the equation of regression of X on V. 

By the method of least squares, equations 


Y = 23.0 -1- 0.59X 

(1) 

Y = 19.9 + 0.66X 

(2) 

y » 31 .8 + 0 .36X 

(3) 


where Y is the minimum temperature of destruction of the en- 
zyme, and X is the maximum growrth temperature of the or- 
ganisms, as the independent variable, were fitted to the data. 
These regression equations respectively express the average 
relationship between the two factors for the three enzymes, 
indo-phenol oxidase (1), catalase (2) and succino-dehydro- 
genase (3). 

For 21 strains of B. ccreus weighted mean maximum tempera- 
tures of growth and weighted mean minimum temperatures of 
destruction of indo-phenol oxidase had values of 46 ±1.9°C. and 
48“C., respectively. 

If the first-named value is substituted for X in equation (1), 
upon solution the value 

Y = 50.0®C. 

is obtained, which is two degrees more than the observed value. 
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The differences recorded in table 4 were computed in a similar 
manner. In only a few instances were the differences greater 
than five degrees, and in nine, within 3 degrees. This approach 
to close agreement between observed and computed values was a 
further check on the reliability of equations of regression of 
Y on X. Magnitude of differences between the two values, 


TABLE 4 

Relaiiona between observed and computed values of the minimum temperatures of 
destruction of the respiratory ensymes 


PBOBABUB CLABSmCATIOV 

MAXI-' 

MUM 

GBOWTK 

TBMPBB- 

AT17B1I 

XM2)0*PBBN0L 

OXXDA8I1 

r-28.0 + 0.5»X 

CATALASE 

Vm 19.9 + o.6ex 

8UCCXNO*DSBT- 

BROOBNASB 

r « 31.8 + 0.30 X 

Observed 

Computed 

i 

Observed 

Computed 

1 

1 

Computed 

1 

a 


•c 





■ 





Bacillus mycoides 


41 

47 

+6 


11 

+6 

40 


+6 

B, prausnitsii 


44 

47 

+3 


H 

+6 

40 

46 

+6 

Unidentified 

42 

62 

48 

-4 


48 

-6 

49 

48 

-1 

B, simplex 

43 

66 

49 

-6 

62 

48 

-4 

40 

47 

+7 

B. cereus 

46 

48 

60 

+2 

46 

49 

+3 

Ell 

48 

-2 

B. megatherium 

46 

48 

50 

+2 

60 

60 


47 

48 

+1 

B. iumescem 1 

46 

56 

60 

-6 

46 

60 

+4 

46 

48 

+2 

B. alvei 

46 

51 

60 

-1 

60 

60 


63 

48 

-6 

B. petasites 

46 

47 

60 

+3 

61 

60 

-1 

46 

48 

+3 

Unidentified 

48 

Eil 

61 

+1 

64 


-2 

67 

49 

-8 

B. niger 

49 

65 

52 

-13 

66 

62 

-13 

60 

49 

-1 

Unidentified 

61 

68 

53 

-6 

63 

63 

-2 

62 

60 

-2 

Unidentified 

62 

67 

54 

-3 

67 

64 

-3 

63 

60 

-3 

B. svhtilis 

64 

Eil 

56 

-6 

66 


-1 

51 

61 

0 

B. vulgatus 

66 

66 

66 


66 

66 

0 

60 

61 

+1 

Unidentified 

67 

56 

67 

+1 

64 

67 


66 

62 

-3 

B. mesenUricus-fuscus 

68 

60 

67 

-3 

63 

68 


53 

1 62 

-1 

Thermophiles 

76 

66 


+6 

67 

67 



69 

0 


observed and computed, compared very favorably with the 5® 
unit interval of measurement of enzyme destruction temperature 
determinations. 

Within limits of the graph, 40° to 75°C., values of enz 3 rme 
destruction temperature could be estimated nearly as accurately 
as they could be measured. Beyond this range, where controlling 
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factors may be different, such computations could not be made 
with as complete certainty. 

Conversely, to compute maximum growth temperatures from 
minimum temperatures of destruction for the three enzymes, 
indo-phenol oxidase (4), catalase (5), and succino-dehydro- 
genase (6), use is made of equations of regression of X on Y, 
(dotted lines on graphs). 


X = 

-12.5 + l.isy 

(4) 

X = 

-6.6 + 1.07Y 

(5) 

X = 

-32.8 + 1.65F 

(6) 


When the value for Y, 48°C. (minimum temperature of de- 
struction of indo-phenol oxidase of the 21 strains of B. cereus) 
is substituted in equation (4) and the value of X computed, the 
answer differs from the observed value by — 1.0°C. Differences 
found for the means of the groups of all three enzymes are re- 
corded in table 5. 

In only three instances (two strains) were the differences quite 
large; in many they were within 3 degrees. The majority of 
differences in degrees were of a magnitude smaller than the range 
the weighted mean of which is the maximum growth tempera- 
ture. 

On the whole, the inconsiderable differences shown in tables 4 
and 5 yield another measure of the accuracy of the hypothesis 
that a relationship exists between the two variables, maximum 
growth temperatures and minimum temperatures of destruction 
of enzymes. Close agreement in so many instances was contribu- 
tory evidence that the thermolabile nature of certain respiratory 
enzymes may explain failure of certain organisms to grow above 
a definite temperature range. 

Aside from this principle use of the regression equations to 
show the degree of relationship between the two factors, the 
labor involved in measuring and computing minimum tempiera- 
tures of destruction of enzymes, or maximum growth tempera- 
tures of bacteria, would be materially reduced if it could be 
demonstrated that one enzyme would serve as well as another. 



TABLE 5 

BeUtUons Between Observed and Computed Values of the Maximum Growth Temperatures of Bacteria 
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or as well as all three together, for estimation. This can be 
determined by a comparison of standard errors of estimate. 

For the equation of regression fitted to these data, which shows 
the effect of minimum temperature of destruction of the three 
enzymes, collectively, upon the maximum growth temperature 
of bacteria. 


Xi = -19 .Cl + I.I 8 X 2 + 0.012Xj + 0 . 133 X 4 (7) 

where X, is the maximum growth temperature of bacteria, and 
Xi, X) and X4 are the minimum temperatures of destruction of 
indo-phenol oxidase, catalase, and succino-dehydrogenase, respec- 
tively, it could be shown that 

Si.m = ±5.022“C. 

This would indicate that estimates made by use of the equation 
of regression would not in 68 out of 100 instances differ from ob- 
served values by more than ±5.0°C. Since it was showm that 
values for S„ for indo-phenol oxidase, catalase, and succino- 
dehydrogenase were ±4.0°C., or less, it was evident that any 
one of the enzymes alone was a better measure and represented 
the relationship more accurately than did all three collectively. 
The enzyme chosen should have the highest coefficient of cor- 
relation, r. Thus, either indo-phenol oxidase or catalase could 
be used to the best advantage in estimating an unknown maxi- 
mum growth temperature of a given species of the genus Bacillus. 

The determination of maximum growth temperature requires 
large amounts of media and time, whereas enzyme destruction 
temperature determinations are relatively simple. Preliminary 
determinations can be made and approximate values arrived at 
easily by the use of equations 4, 5 and 6. However, the final 
accurate value for maximum growth temperatures is found 
better by the more laborious method explained earlier in this 
paper. 

Advantage of mathematical .treatment in obtaining a true 
evaluation of data, particularly where many individual instances 
or trials are considered, is quite apparent, since the single value, 
0.8466. Ri.*j 4, was found to represent actual general degrees of 
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relationship existing between minimum temperatures of destruc- 
tion of three thermolabile enzymes, indo-phenol oxidase, catalase 
and succino-dehydrogenase, although at a sacrifice of detail. 
A table containing 1,872 items would be required to illustrate 
this same degree of relationship, if original protocols (table 2) 
were included. 

Equations of estimation permit a comparison of observed and 
computed values. The nearer these are to identity, the more 
certain is the conclusion that this relationship can be truly ex- 
pressed in mathematical terms. 

DISCUSSION 

It should be pointed out that these statistical methods do not 
establish causal relationships; yet, a definite relationship of a 
linear nature does apparently exist, and similarity of the maxi- 
mum growth temperatures and corresponding minimum tempera- 
tures of destruction of various enzymes in so many trials is 
highly suggestive of the possible r61e the latter may have in the 
limitation of bacterial growth at higher temperatures. 

It is at least probable that, if one or more of these enzymes is 
destroyed, either the organism must cease to respire and hence 
fail to grow, or another mechanism of respiration must be sub- 
stituted in its place. Experimental data reported here indicate 
that when respiratory enzymes are destroyed growth ceases. 
Actual destruction of enzymes, but not cells, was effected. Sus- 
pensions heated at temperatures destructive for enzymes gave 
negative tests at regular intervals over a period of a month, when 
held at temperatures too low to permit growth of cells. 

The following question naturally presents itself: Does there 
exist a multiplicity of the three enzymes, indo-phenol oxidase, 
catalase and succino-dehydrogenase, each possessing different 
maximum temperatures of destruction, or do certam cells possess 
ability to protect their respiratory enzyme complexes against 
destructive effects of increased temperature to a greater degree 
than do others? * 

Failure of other workers to isolate in pure state different types 
of pepsin, trypsin and other common enzymes, in reiqpect to 
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their thermolabile properties, although they are obtained from 
different species of living organisms, does not lend support to 
the theory of a multiplicity of enzymes. 

Virtanen suggested that spores are more resistant to heat than 
vegetative cells, because a firmer enzyme-protein union is present 
in spores. By analogy, resistance of thermophiles may perhaps 
be explained by a firmer enzyme-protein union than is found in 
mesophilic organisms. This would obviate the need of multi- 
plicity of enzjunes, to explain results. Until cell-free purified 
preparations of these three respiratory enzymes are obtained 
from various microorganisms having different maximum growth 
temperatures, the question must remain unanswered, in so far 
as the enzymes studied here are concerned. 

Demonstration of actual destruction of respiratory enzymes, 
especially in the light of the above theory of an enzyme-protein 
union of greater or lesser completeness, may serve to emphasize 
the possible r61e of respiratory enzymes in the regulation of the 
upper limits of temperature of growth tolerated by individual 
strains or types of bacteria. 

BRIEF SUMMARY 

Results obtained from a study of three different thermolabile 
respiratory enzymes of 104 different strains of organisms (repre- 
senting 18 members of the genus Bacillus, and 9 knowm thermo- 
philes) are summarized as follows; 

1. Weighted mean maximum growth temperatures were com- 
puted. These do not constitute clearly cut dhdding lines, but 
may be defined as weighted means of the range including both 
positive and negative results within a series of multiplicate 
trials. 

2. Physical state of the medium, solid or liquid, exerts no 
apparent effect upon upper limits of growth of the bacteria 
studied. 

3. Significant differences were shown between maximum 
growth temperatures of the various groups. 

4. A thermostable peroxidase was found in each species 
studied. No evidence of hydrogen peroxide was detected. 
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5. Determinations of the minimum temperatures of destruc- 
tion of indo-phenol oxidase, catalase and succino-dehydrogenase 
were made and compared statistically with maximum growth 
temperatures of bacteria. A high degree of correlation was 
found for each enzyme individually and for all three collectively. 

6. The equation derived for indo-phenol oxidase gave a more 
nearly accurate computed value than did those of either catalase 
or succino-dehydrogenase singly, or than did all three collec- 
tively. 

7. The observations reported here suggest that to a marked 
degree the maximum growth temperatures of bacteria may bear 
a definite relationship to the minimum temperatures of destruc- 
tion of respiratory enzymes. 
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Although the anaerobic, non-sporulating, pointed bacilli of 
the mouth, which are now grouped in the genus Fusiformis, 
have been cultivated since 1898 (Veillon and Zuber), much con- 
fusion still exists concerning their properties and relationships. 
The literature dealing with this group of bacteria is large, but it 
consists mainly of efforts to establish their pathological signifi- 
cance on the basis of occurrence. Only a few systematic studies 
have been attempted, and the findings of these investigations 
have been contradictory. 

Krumwiede and Pratt (1913) divided 15 strains of Fusiformis 
into 2 classes by means of the fermentation of sucrose. Knorr 
(1922) created 3 morphological groups on the basis of his study 
of 4 strains. He employed Fusobaderium as the generic name. 
This classification was used later in “Determinative Bacteriol- 
ogy” by Lehmann-Neumann-Breed (1931). Varney (1927) 
divided 18 strains into 4 types and 2 subtypes on morphological 
and serological grounds. Pratt (1927), repeating her earlier 
work, found 2 morphological groups and concluded that serolog- 
ical procedures had little value in the classification of Fusiformis. 
As a result of his investigations, Smith (1932) was led to accept 
3 morphological types. Bibby and Knighton (1933) reached the 
same conclusions. Like Pratt, they were unsuccessful in their 
attempts to employ serological methods. The most extensive 
study of Fusiformis was made by Slanetz and Rettger (1933). 
They studied 53 strains isolated from many sources and were 

^ Rockefeller Fellow in Dentistry. 


617 



518 MAYNARD E. HINE AND GEORGE PACKER BERRY 

able to divide them into 4 types apparently on the basis of 
morphological and fermentative properties. Their types I and 
II fermented glucose only; type III fermented glucose and 
sucrose; and type IV, glucose, sucrose and lactose. Types I 
and II and some of the strains of t3T)e III produced indol. Ag- 
glutination tests were unsatisfactory. They present a compre- 
hensive review of the literature. 

It is evident from a survey of the literature that information 
concerning the fusiform bacteria of the mouth is, for the most 
part, vague and contradictory. Consequently, it seemed to be 
important to study these bacteria in an orderly manner, with a 
view to determining the number of well-defined varieties that 
could be grown in pure culture, and to determining the character- 
istics of each variety as a basis for systematic arrangement. Such 
a study has been made of 104 strains of fusiform bacteria isolated 
from the mouth and grown in pure culture. The present paper 
presents the findings of the investigation, and suggests a simple, 
tentative classification. 

METHODS AND MATERIALS 

Culture media: No single culture medium proved to be ideal 
for the primary isolation of all species of fusiform bacteria. Two 
species were most easily isolated on 5-per-cent rabbit-blood agar, 
containing gentian violet, 1 part in 5,000. A third species was 
more conveniently obtained on fresh 10-per-cent potato-extract 
agar (Slanetz and Rettger, 1933), containing gentian violet, 1 
part in 10,000, This small amount of dye was indispensable for 
routine isolations because without it other bacteria overgrew the 
plates. For carrying all of the types of Fusiformis in subculture, 
5-per-cent rabbit-blood agar was employed. Other media in- 
cluded peptone water, with and without added tryptophane, 
nitrate broth, peptone iron agar (Bacto), Douglas’ agar, Douglas’ 
broth with ascitic fluid, plain agar, Sabouraud’s agar, and gelatin 
(plain, and enriched with 10 per cent ascitic fluid). Fermenta- 
tion tests were made on 15-per-cent ascitic fluid agar, containing 
Andrade’s indicator and 1 per cent of the test carbohydrate; 
glucose, levulose, sucrose, lactose, maltose, inulin and mannitol 
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were employed. Tests were observed for 14 days. Negative 
tests were always repeated. Douglas’ broth was used in tests 
for indol production. Acid production was measured in Douglas’ 
broth containing glucose, as already reported (Hine, 1935). 
Observations for motility were made by darkfield examination 
and by the use of semi-solid media (Hine, 1935). 

Technique for primary isolation from the mouth: For the pri- 
mary isolation of fusiform bacteria from the oral cavity, material 
from the chosen site was collected on suitable dental instruments 
and suspended in a few drops of Douglas’ broth. It was then 
cultured, as already indicated, on gentian violet, potato-extract 
agar and gentian-violet rabbit-blood agar. (The dye apparently 
does not inhibit Fusiformis. It should be noted that, as the 
gentian violet does not kill, but merely inhibits certain bacteria, 
it is essential to streak the picked colony on a dye-free medium, 
in order to be sure that no other organisms are present.) Incuba- 
tion was carried out in Fildes-Mcintosh jars at 37°C. from 3 to 
7 days. 

Source of strains: The strains of Fusiformis were isolated from 
gingival crevices in “normal” mouths, from cases with deep 
caries, inflamed areas around crowns and fillings, pyorrhetic pock- 
ets, Vincent’s infection, and from the mouths of 3 monkeys and 
2 rabbits. One hundred and four strains were isolated and 
grown in pure culture. 

Methods for obtaining anaerobiosis: To obtain consistently good 
surface colonies of bacteria belonging to the genus Fusiformis, 
a technique which will provide excellent conditions for anaerobic 
growth must be employed. In our hands, the use of Brown’s 
(1922) modification of the Fildes-Mcintosh jar has proved to be 
most satisfactory. Some of the stock cultures were kept in 
chopped meat media covered with paraffin. 

Methods for determining resistance to environmental change: 
The resistance of the anaerobic fusiform organisms to air was 
tested by exposing 72-hour cultures in Douglas’ broth, enriched 
with 10-per-cent ascitic fluid, as follows: 3 cc. of culture were 
pipetted into sterile Petri dishes and stored at 20°C. After in- 
tervals of 1, 1.5, 2, 4, 6, 8 and 24 hours, a loopful was streaked 
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on rabbit-blood agar, and incubated anaerobically to determine 
viability. Resistance to heat was tested by pipetting 3 cc. of a 
72-hour cultiure into sterile test tubes, which were immersed in 
water baths at 50, 52, 56 and 60°C. After intervals of 2, 5, 10 
and 15 minutes, samples were removed and the viability of the 
bacteria tested. 


FINDINGS 

As a result of the detailed study of 67 strains of Fusiformis, 
it has been found that 3 morphologically distinct varieties can be 
isolated with ease from almost every adult mouth. The average 
dimensions of organisms of each group are sufficiently constant 
to make a morphological grouping useful. Since the colony form 
for each of the morphological groups is characteristic and suffi- 
ciently distinctive to permit easy recognition, it has been found 
convenient to regard these 3 morphological varieties as 3 “spec- 
ies.” Such a procedure is open to question, for the fusiform bac- 
teria are notoriously pleomorphic. However, as this grouping 
was supported by colony form and certain growth characteristics, 
it was of practical value to consider these “species” separately. 
Although our findings are not identical with those given by 
Bergey (1934) in his “Determinative Bacteriology,” it is con- 
venient, tentatively, to use his names for our 3 “species.” A de- 
tailed description of each “species” follows. 

Ftis^ormia nudeaiua: The group to which the species name F. 
micleaim is applied is composed of strai^t, pointed. Gram-nega- 
tive rods showing usually 1 or 2 deep-staining granules. The 
organisms are from 3 to 5iu in length and from 0.5 to 0.7^ in thick- 
ness. They often appear in pairs and tend to clump in a char- 
acteristic manner (plate 1, figs. 1 and 2). 

On 5-per-cent rabbit-blood agar, the colonies of this “species” 
are round, convex, greyish-white, entire edged, from 0.5 to 1 mm. 
in diameter, with a smooth and glistening surface. The growth 
emulsifies readily and is not adherent to the medium. The in- 
ternal structure of the colony is distinctive, for it appears to be 
filled with many small white flecks suspended in a light grey 
medium. With l^t held at an angle of 45“ to the line of vision. 
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this distinctive feature of the colony may be observed to best 
advantage (plate 1, figs. 3 and 4). 

In Douglas’ broth a good growth occurs at the bottom of the 
tube, if incubation has been carried out in an anaerobic jar. On 
shaking, the broth becomes uniformly turbid. 

Much variation in saccharolytic activity was noted among the 
24 strains studied. The results of the fermentation tests are 
recorded in table 1. Four of the strains refused to grow on ascitic 
fluid agar although they grew well on rabbit-blood agar. Indol 
was produced by all of the strains and the pH of the test solu- 
tion was slightly depressed. None of the strains grew in peptone 

TABLE 1 

Fuaiformis nucleatus: Biochemical characteristics of S4 strains 
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6 4 
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4- “ fermentation; — » no fermentation; 0 « no growth. 


water, nitrate broth, peptone iron agar (Bacto), Sabouraud’s 
agar, or gelatin, but scanty growth occurred on plain agar; good 
growth resulted in chopped meat media in which some of the 
strains survived for as long as 18 months. Prolonged cultiva- 
tion sometimes produced rough granular colonies, often present- 
ing a “poached egg” appearance (plate 1, figs. 5 and 6). No 
motility was observed in cultures. 

Pure cultures of this “species” survived exposure to air for 
6 hours on the average. The 6 strains tested survived tempera- 
tures of 56°C. for 15 minutes, but at 60®C., killing occurred within 
10 minutes. 
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Fusiformis polymorphus: The group to which the species name 
F. polymorphus is applied is composed of straight, slightly pointed, 
Gram-negative rods, occasionally showing a granular structure 
in old cultures. The organisms are normally from 6 to IOai in 
length and from 0.4 to 0.6ju in thickness, but they may form 
long filaments, 250n in length. Young cultures may show many 
long, flexible filaments that often become wavy or curled (plate 
2, figs. 1 and 2). 

On 6-per-cent rabbit-blood agar, the colonies of this “species” 
are greyish-white, round, convex, entire edged from 1 to 2 mm. 
in diameter, with a smooth and glistening surface. When mag- 


TABLE 2 

Fusiformis polymorphus} Biochemical characteristics of 16 strains 



MVlf BBR OF STRAINS 
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db 
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— 
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— 

Indol 

+ 

+ 

+ 

+ 

Average pH 

7.4 

6.0 

6.1 

6 2 


nified, they appear to be composed of a mass of thin white lines 
suspended in a water-clear medium. The colonies are usually 
larger than those of F. nudeatus and the internal characteristics 
are more distinct. When light falls at an angle of 45° to the line 
of vision, this type of colony is easily located (plate 2, figs. 3, 4 
and 5). Growth in broth is similar to that of F. nudeoMs. 

The biochemical characteristics of 16 strains of F. polymorphus 
are shown in table 2. Marked variation in saccharolytic activity 
by these morphologically indistinguishable strains was noted. 
They all grew well on ascitic agar. All of the strains produced 
indol and a slight amount of acid. None grew in peptone water, 
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nitrate broth, peptone iron agar (Bacto), Sabouraud’s agar or 
gelatin. Slight growth appeared on plain agar. All grew well 
in chopped meat media in which some of the strains survived 
for 15 months. Prolonged cultivation sometimes yielded colo- 
nies with an irregular edge, rough surface and amorphous internal 
structure (plate 2, fig. 6). The cells from such colonies were 
atypical, showing many odd-shaped forms. No motility was 
observed in cultures. 

Pure cultures survived exposure to air for 4 hours on the aver- 
age. When mixed with an aerobe, survival was extended to 24 
hours. The 4 strains tested sur\'ived 50°C. for 15 minutes, 52°C. 
for 10 minutes and 56°C. for 5 minutes. 

Fusiformis dentium: The group to which the species name F. 
dentium is applied is composed of the largest culturable type of 
fusiform bacterium. The organisms are straight, or slightly 
curved, sharply pointed. Gram-negative rods. In direct smears 
from the mouth or in the first culture, the bacilli occasionally 
show Gram-positive granules. The cells often occur in a tandem 
arrangement (plate 3, figs. 1 and 2). 

The colonies of this “species" are circular, from 1 to 3 mm. in 
diameter, shaped like a low cone, with a surface which resembles 
hammered copper or which may be wrinkled and pitted. The 
colonies usually have a fairly regular edge and are easy to pick 
and emulsify. Identification is easy if the plate is tilted at an 
angle of 45° to the line of vision with the light striking the plate 
at an angle of 90° (plate 3, figs. 4 and 5). Under ordinary illum- 
ination, the growth is practically invisible. No marked changes 
in colony type were noted, even after prolonged cultivation. 

The biochemical characteristics of 27 strains are shown in 
table 3. Two strains failed to grow on ascitic fluid medium and 
2 others on lactose ascitic fluid agar. All of the strains failed to 
produce indol. The pH was shifted to slightly below 5, None 
of the strains grew in peptone water, nitrate broth, peptone iron 
agar (Bacto), Sabouraud’s agar, gelatin or plain agar. Growth oc- 
curred in chopped meat media in which some strains survived 
for 3 months. No motility was observed in cultures. 
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Pure cultures survived exposure to air for 1 hour and, when 
noixed with an aerobe, survived for 4 hours. The 4 strains 
tested survived 60°C. for 2 minutes, but not for 5 minutes. 

Observations on films from the mouth: The examination of films 
prepared directly from the mouth revealed that organisms 
morphologically resembling the cultivated species were present 
in great numbers in adult mouths. In addition, a fourth mor- 
phological variety was often found, especially in instances of 
marked inflammation. This organism was sharply pointed, 
granular, curved, from 10 to 20 ju in length and about 1.2 u in 
thickness. This form has not been duplicated in culture, but 

TABLE 3 

Fttaiformu dentium: Biochemical characteristics of B7 strains 


KtTXBBB or BTBAZNS 
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" 
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resembles the granular forms of F. deniium (plate 3, fig. 3). 
Whether this uncultivated fusiform organism is a distinct species, 
or a variant, of F. deniium, has not been determined. 

Correlated studies of the spirochetes seen in smears from the 
mouth and the cultured fusiform organisms failed to support 
the possibility of a generic relationship between these types of 
microdrganisms. In over 60 per cent of the stained film prepara- 
tions of F. dentium, definite spiral forms were found. Similarly, 
many preparations of F. polymorphus showed wavy, filamentous 
forms. However, these spiral forms bore but a superficial re- 
semblance to oral spirochetes, and their size and staining reac- 
tions made it apparent that the wavy forms were all Fusiformis. 
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Furthermore, when examined under the darkfield microscope, 
they never exhibited the motility or flexibility which characterizes 
the oral spirochetes. 


DISCUSSION 

On the basis of the findings presented in this paper, it appears 
that the fusiform bacteria of the mouth include 3 or possibly 
4 morphological ‘'species.” Three “species” of Fusiformis have 
been readily cultivated from almost every adult mouth. In no 
instance has one morphological “species” changed into another. 
Some of the strains have been carried for 18 months through 
many culture generations without loss of the original character- 
istics. It is felt, therefore, that the groups may be regarded with 
some justification as distinct “species.” Fermentation tests 
have indicated that each of the 3 cultivated “species” can be 
divided into varieties, but careful checking of these “species” 
and varieties has failed to show any correlation between mor- 
phology, colony form or biochemical reaction and the source of 
the strains. Consequently, until the significance of the various 
“species” is established, it seems of little value to subdivide 
them. 

It has been impossible to correlate all of the published classi- 
fications of Fusiformis, for the information furnished has not 
usually been of the type to make comparisons feasible. It is 
probable, however, that the “species” which we have designated 
as F. nucleatus includes Varney's tjqie III, Smith's type III, 
Slanetz and Rettger's type I and Knorr's F. nucleatus. Similarly, 
our F. polymorphus probably includes Varney's types I and III, 
Smith's type II, Slanetz and Rettger's tsqie II and Knorr's F. 
polymorphus, and our F. dentium probably includes Varney's 
type IV, Smith's type I, Slanetz and Rettger's types III and IV 
and Knorr’s F. plaut-vincenti. The probability of this grouping 
being correct is supported by the close agreement in size and 
growth characteristics reported by these authors. This is 
especially significant, when the different growth conditions used 
by each are considered. 

It has been our experience that strains of F. nucleatus are the 
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easiest to maintain in pure culture and the most resistant to en- 
vironmental change. Strains of F. polymorphus are almost as 
easily grown, but strains of F. dentium must be handled care- 
fully, because exposure to air for short periods, or mild heating 
kills the organisms. These facts explain, undoubtedly, why most 
of the earlier reports of successful cultivation of oral fusiform 
bacteria deal with the first and second “species” only. 

Published reports of fermentation tests are few and usually 
concern only a few strains. An exception is the report of Slanetz 
and Rettger (1933), who worked with 53 strains. In repeated 
tests, using the media they recommended and, in addition, 
ascitic fluid carbohydrate agar, we were unable to duplicate 
their findings. It is conceivable that the greater saccharolytic 
activity of our strains of Fusiformis might be related to differences 
in the anaerobic conditions under which the tests were made. 

It is apparent from the literature and from our observations 
that most of the suggested classifications of the fusiform bacteria 
have little value and that the majority of them are based on in- 
complete studies. The only proposed classifications, which em- 
brace all the types we have observed, are those of Slanetz and 
Rettger (1933), based on fermentation reactions and of Bergey 
(1934), based on morphological differences. Since our studies 
and those of Bibby and Knighton (1937) have failed to show 
the correlation of colony form, morphology and biochemical 
properties described by Slanetz and Rettger (1933), we cannot 
accept their classification. Although Bergey’s classification does 
not list all the features observed by us, it appears to be the most 
useful basis for differentiation of the fusiform bacteria. We sug- 
gest, therefore, the employment of Bergey’s division of Fusi- 
formis into the “species” F. nudeatus, F. polymorphus and 
F. dentium as a useful working basis for further work. 

SUMMARY 

One hundred and four strains of fusiform bacteria have been 
isolated from the mouth and studied in pure culture. The results 
of these observations are presented in detail. On the basis of 
these studies, it appears useful to divide, tentatively, the genus 
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Fusiformis into 3 “species,” Fusiformis nudeatus, Fusiformis 
polymorphus and Fusiformis deniium. These are the names 
used by Bergey (1934), and although our findings are not in com- 
plete agreement with those listed by him, our differentiation into 
“species” is based on well-defined morphological and cultural 
differences. Certain biochemical characteristics of each “spe- 
cies” are discussed. While fermentation tests indicate that each 
“species” can be divided into varieties, we feel that further sub- 
division of Fusiformis at present has no practical value. 

The authors take pleasure in thanking Dr. B. G. Bibby for 
his advice and aid. They are indebted to Mrs. R. P. Ball and 
Mr. M. Orser for taking the photographs. 
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PLATE 1 

Fig. 1. Fusiformis nucleatus. Pure cultures on 5 per cent rabbit-blood a^ar, 
third transfer, 3 days old. Stained with gentian violet. XIOOO. 

Fig. 2. Fusiformis nucleatus. Pure culture in Douglas^ broth, 3 days old. 
Gentian violet stain. X1400. 

Figs. 3 and 4. Fusiformis nucleatus. Colony on 5 per cent rabbit-blood agar, 
with light striking plate at angle of 45®. X14. 

Fig. 5. Fusiformis nucleatus. Rough colonies which appeared after the sixth 
transfer of strain 76 on 5 per cent rabbit-blood agar. X14. 

Fig. 6. Fusiformis nucleatus, ‘Toadied egg” appearance of colonies which 
appeared after the^^th transfer of strain 79 on 5 per cent rabbit-blood agar. 
X14. 




3 




(Mavn.'ird K Ihni* und P.Mckor B«‘rn Studies of Cli^iUs Fusiform 




5;^) 


MAVNAltl) K, lllNK AND (iEOKUK PACKER RERRV 


PLATE 2 

Fkjs 1 jukI 2 Fu.si fat mis iiolifmorphus. Pun* cullurt* ui Duu/^las’ hnith, .S 
(lays old. NoU* n)uiid(‘(l (’iids and t(‘nd(‘ncy t<> fonn lilani(‘nts Stained with 
^(‘ntian violet XUKM) 

Fhj 3. Fusifaimis potumorphus Four typieal eolonu\s on o per (*(‘nt ralibit- 
hlood a^ar, 3 days old. r])])er pliotoi^iaph was taki'n with plat(' tilt(*d to an 
anf;l(‘ of -In'' with liiu* of vision and wnth tin* li|j;ht stnkinj^ tin* plati* at an an^h* 
of 1)0*". 'rin* l()W’(‘r photo^iaph was taken with tin* plate* ln*ld at an an^h* of ill)' 
to tin* Inn* of vision and with the liji;ht strikiiija; tin* jilatc* at an anfj:l(‘ of t.V X J I. 

Fids 4 and 5 Fusifantiis pol'jmitrphus T\pical eolonn*s on pi‘r cent 
rahbit-hlood a,pii. X14 

Fid. t). Ftistjonins (jith/miirpfnis Rouf^ii e.>]oni(*s whndi a[)p(*ared aft(*r the 
sixth transf(*r of strain ot) on 5 per eent rabbit-blood a^ar XI 1. 
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PLATF*: 

Kkj 1 FunifonniH dcntium. Pun* cultun* ni Douglas’ broth, 3 <la\s old 
Noto sharply poiutc'd cihIh. Stainod with violot XKKM) 

Fig. 2. Funtfartnis dcninim Pun* culturo in Douglas’ broth, 3 days old aftoi 
8 hours exposure* to air. Stained with gentian violet XlOdO. 

Fj(}. 3. Fus}f(n’miH dinhum (?). I)in*et film from the mouth, showing; orj^an- 
isrns not duplicated in culture. TunniclifT modification of (Jram’s stain XKKM) 
Figs. 4 and o. f’//.s//orm/.s dcnlium. Typical colonies on o p(‘i c(‘nl r.ibbil- 
blood agar. Xl4. 
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Fusiform bacilli arc normally present in human mouths and 
throats, and on the external genitalia; also in the oral cavities of 
various species of animals. They have been observed, further- 
more, in a variety of human pathological conditions. In spite 
of their frequent occurrence in nature, there has been little prog- 
ress in the classification of these organisms since Leiner (1907) 
first observed that there was more than one cultural type. This 
situation may be ascribed largely to the difficulty of obtaining 
satisfactory growth upon solid media. Most of the attempts at 
classification have been limited to a very large extent to mor- 
phological observations. Furthermore, it has been held generally 
that all spindle-shaped organsism are members of the fusiform 
genus. The resulting confusion is evidenced by the fact that 
the relevant literature contains many contradictory reports 
concerning staining properties, motility, oxygen requirements 
and biochemical reactions. 

The first systematic study was that of Krumwiede and Pratt 
(1913), who divided fifteen strains into two groups, upon their 
ability to ferment sucrose. Knorr (1922) established three 
morphological types among his strains, as did Smith (1932), by 
the use of the dark-field illumination technique. In 1927 
Varney published a detailed description of eighteen cultures 
from normal and abnormal mouths. Four types were estab- 

^ This paper covers part of a dissertation submitted to the Graduate School 
of Yale University in partial fulfilment of requirements for the degree of Doctor 
of Philosophy, 
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lished, two by serological methods, and two by morphological 
studies. Biochemical observations were not reported. 

Slanetz and Rettger (1933) made a significant advance in the 
study of the fusobacteria by devising a potato medium upon 
which abundant growth could be obtained. A morphological 
and biochemical study of fifty-three strains revealed four types. 
Types I and II were indistinguishable biochemically, both fer- 
menting glucose and producing indol, but were separated by 
colony appearance and cell size. Type III was larger than I 
and II, and fermented sucrose as well as glucose. Indol forma- 
tion was irregular. Type IV was a large bacillus which fer- 
mented lactose as well as glucose and sucrose, but did not form 
indol. The agglutination test was considered as unsuitable for 
the purpose of classification. Quite recently Bachmann and 
Gregor (1936) divided nine strains into two groups by means of 
agglutination and complement fixation tests. No biochemical 
reactions were reported. 

Unfortunately, it is not possible to compare the types proposed 
by the various investigators since, in no instance, has one group 
of cultures been successfully studied by both biochemical and 
serological methods. The present report deals with a morpho- 
logical, cultural, biochemical and serological study of eighty 
strains originating from a variety of sources. All of the cultures 
were Gram-negative, non-motile, non-sporulating and, when 
isolated, strictly anaerobic. 


METHODS 

Media employed. Slanetz and Rettger found gentian violet to 
be a valuable aid in primary isolation, on account of its favorable 
selective action. TTie medium which proved most satisfactory 
during the present investigation was the same as that of Slanetz 
and Rettger, except that it contained glucose and cysteine. It 
has the following composition: 


Proteose peptone 1.0 percent 

Liebig’s meat extract 0.3 per cent 

Cysteine hydrochloride 0.05 per cent 

Glucose 0.1 percent 
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Potato extract (aqueous) 10 0 per cent 

Agar 2 0 per cent 

Distilled water . . q,s. 

Adjusted to pH 7.6 

For making primary isolations gentian violet was added in a final con- 
centration of 1:20,000. 

Stock cultures were carried in a semi-solid agar (0.3 per cent) 
having the above composition, aside from the agar. For routine 
purposes the same medium without the agar was used. All media 
were sterilized at 15 pounds pressure for 15 minutes, cooled 
quickly, and inoculated immediately, when this was possible. 
When media were held overnight they were stored in an anaerobic 
jar. 

Method of isolation. Swabs containing the original material were 
streaked on the gentian violet agar. When the inoculum came 
from human mouths, members of the Fmobacterium genus were 
usually obtained directly in pure culture. Material from animal 
sources, however, frequently contained other organisms to such 
an extent as to overgrow the more delicate fusiform bacilli; this 
made it necessary to dilute the original material. In making 
isolations from cases of pulmonary infection precaution was 
exercised to avoid contamination with mouth flora. Sputum as 
such was diluted with two volumes of sterile saline solution and 
centrifuged lightly. After removing the supernatant fluid, the 
washed residue was re-suspended in an equal volume of saline 
solution, shaken vigorously and whirled at high speed for ten 
minutes. The supernatant liquid yielded Fmobacterium, fre- 
quently accompanied by minute cocci. 

The gentian violet agar plates were incubated anaerobically 
for two days at 37°C., at the end of which period the Fmobao 
terium colonies could be recognized by their deep violet color and 
characteristic groimd-glass appearance when viewed with the hand 
lens. Subcultures from these colonies were usually pure. 

Anaerobic technique. The method for securing strictly 
anaerobic conditions was that described by Weiss and Spaulding 
(1937). The procedure consists in evacuating a glass jar (Hempel 
desiccator) wMch is connected with a system containing a Cenco 
Hyvac pump, mercury manometer and hydrogen tank. A small 
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flat procelain dish containing a catalyst (shredded palladinized 
asbestos) is placed conveniently in each jar, the ground surfaces 
of which are smeared lightly with cello-seal. When the jar has 
been evacuated to the negative pressure desired, the pump is 
disconnected by means of a three-way stopcock. Hydrogen is 
then passed through the system and into the jar until atmospheric 
pressure is restored. If the addition of a small amount of carbon 


TABLE 1 
Sources of strains 



TTPB8 

Human: 


Normal mouths 

H1-H27, and 

Carious teeth 

H 28 ~H 80 

Fuso-spirochetal infections (mouth and | 


throat) 

VAi-VAio 

Lung abscess i 

LAi— LAi, LAt; LAii, LAu-LAi « 

Lung abscess with empyema 

LAs) LAtt) LAg’-LAjo 

Bronchiectasis 

LAii, LAig 

Vagina: 


Normal 

V,, V*. Vg 

Cervical laceration 

V3 

Purulent discharge 

Vi 

Animal: 


Chimpanzee : 


Normal mouth 

Chi 

Chronic lung infection 

CH* 

Monkey mouths (normal) 

Mi-Mi 

Dog mouths (normal) 

D1-D5 

Rabbit mouths (normal) 

Ri-R, 

Guinea pig mouths (normal) — 

1 GPi-GPg 


dioxide is desired, this may be accomplished before introducing 
the hydrogen, by attaching the carbon dioxide tank to the system. 

Sources of strains 

Thirty-two isolations were obtained from so-called normal 
mouths of twenty-two p>ersons, including two from carious teeth. 
Ten cultures originated in various cases of mouth infection; for 
two of these (VAi and VAj) the writers are indebted to Dr. Ruth 
TunnicM. Sixteen “lung abscess” cultures were derived from 
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various pulmonary infections. Four of these strains (LAi 
through LA4) were kindly supplied by Dr. Charles Weiss. Five 
vaginal isolations were made from both normal and patho- 
logical conditions. Seventeen cultures were obtained from the 
mouths and throats of animals (see table 1). 

FREQUENCY AND DISTRIBUTION 

Fusobacterium colonies appeared on all of the plates streaked 
with swabs from human mouths. They were less frequently ob- 
tained from the throats of animals. All of the swabs from pul- 
monary as well as mouth and throat infections yielded positive 
cultures. The material from three out of five normal human 
vaginae also contained fusobacteria; on the other hand, thirty 
swabs obtained during pregnancy were negative. With one ex- 
ception, washings from the pregnancy cases were distinctly acid, 
ranging from pH 4.4 to 6.6. Repeated attempts to obtain isola- 
tions from human and animal feces were unsuccessful. 

CLASSIFICATION OF STRAINS 

Fermentation studies 

The ability of some of the fusiform bacilli to ferment sucrose 
and lactose, while others lacked this property, suggested to us 
that a more comprehensive investigation of the fermentative 
properties might reveal further differential tests. Therefore, the 
eighty strains were studied for their ability to produce acid and 
gas from eighteen fermentable substances. In addition to the 
common mono- and disaccharides, this list included cellobiose, 
trehalose, raffinose, inulin, soluble starch, xylose, rhamnose, 
salicin, glycerol, mannitol, sorbitol and inositol. 

Two methods were employed for determining the carbohy- 
drolytic activity. In the first, the test materials were added 
aseptically to the basal potato broth medium from autoclaved 
aqueous solutions of the test substances; in the second, the test 
solutions were sterilized by filtration. The second procedure is 
preferable. In each instance the inoculum consisted of 0.1 cc. 
of a twenty-four-hour potato broth culture. Durham fermenta- 
tion tubes may be used, since the anaerobic jar holding the tubes 
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need not be evacuated to the point where the liquid is displaced 
from the inverted tubes. 

The basal medium for the fermentation tests consisted of 1.0 
per cent proteose peptone, 0.3 per cent Liebig’s meat extract and 
0.1 per cent cysteine hydrochloride. Excellent growth occurred 
in this medium when the carbohydrate present was utilized. 
The medium must be freshly prepared, however, before use; in- 
deed, satisfactory results cannot be obtained unless the inocula- 
tions are made immediately after sterilization. 

Sulphonaphthalein indicators could not be added directly to 
the medium, since they were occasionally destroyed by the organ- 
isms. The pH determinations were made by a spot-plate proce- 
dure. After twenty-four hours, three days and seven days 
incubation at 37°C., a bi-convex loopful of the broth culture was 
added to approximately 0.5 cc. of distilled water containing one 
drop of a 0.16 per cent solution of the proper indicator. White 
porcelain spot-plates furnished an excellent background. Al- 
though tedious, this method possesses the important advantage 
of permitting determinations beyond the range of a single indi- 
cator. Since the primary division of the authors’ cultures is 
based upon differences in, the final pH, this method plays an 
important rdle in the classification scheme proposed in this 
report. 

Two distinct types of fermentative reactions were observed. 
One set of cultures (group I) was mildly saccharolytic and pro- 
duced a relatively weak acidity, the final pH averaging 6.2. 
The remaining cultures (group II) gave rise to a much greater 
final acidity (pH 4.6), and in addition were active toward a wider 
range of carbohydrates. The separation of the two groups on 
this basis was distinct. 

Glucose and levulose were fermented by all of the strains. 
None of the cultures produced acid from i^lose, rhamnose, 
glycerol, inulin, mannitol, sorbitol and inositol. Galactose was 
attacked by some members of both groups but with only slight 
acidity. Maltose and trehalose were acidified by group II, but 
not by group I. The ability to ferment these two substances 
constitutes in itself a valuable differential test for the two groups. 
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Group I is divided into two types. The strains fermenting 
only glucose and levulose are designated as belonging to type I A; 
the remaining cultures, all capable of attacking sucrose, consti- 
tute type I B. Group II, although it contains no less than nine 
fermentative patterns, is separated only into a lactose-negative 
type, II A, and a lactose-positive, type IIB. 


TABLE 2 

Summary of fermentative types 
Final pH in 1.0 per cent carbohydrate cysteine broth 


i 

TYP» 

NUM- 
BSB OP 
STRAINS 

OLU- 

COSK, 

LBVU- 

L08K 

1 

su- 

CBosa 

MAL- 

TOSE 

TREHA- 

LOSE 

BALICXN 

CELLO- 

BI08B 

LACTOSE 

BAPPI- 

NOSE 

SOLUBLE 

STARCH 

Group I 

I A 

29 

ac 

0 

0 

0 

0 

0 

0 

0 


I B 

19 

ac 

ac 

0 1 

0 

0 

0 

0 




Intermediate 



2 i 

3 

AC 

AC 

AC 

AC 

0 

AC 

0 

AC 

0 

0 or 
AC 

0 

0 or 
AC 

0 

0 

0 

0 

0 

0 

Group II 

II A 

10 

AC 

AC 

AC 

AC 

0 or 

0 or 

0 

0 

0 







AC 

AC i 




II B 

1 

AC 

AC 

AC 

AC 

0 

0 

AC 

0 

0 


16 

AC 

AC 

AC 

AC 

AC 

AC 

AC 

0 or 

0 or 










AC 

AC 


ac indicates final pH between 6.0 and 6.5; AC indicates final pH between 4.4 
and 5.2; 0 indicates no detectable acidity. 


Two cultures in group I (LA* and LAio) and three in group II 
(H», H# and Hu) proved to be atypical in that they possessed 
some of the biochemical characteristics of the opposite groups. 
These five cultures were placed together as an intermediate 
group. 

The amount of titratable acidity produced by group II in 1.0 
per cent carbohydrate media was found to be approximately twice 
that of group I, suggesting that group II is able to utilize an 
intermediate product of carbohydrate metabolism not attacked 
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by group I. Using the Thunberg technique, as modified by 
Kendall and Ishikawa (1929), the ability of the two groups to 
activate pyruvic, acetic and succinic acids was determined. Un- 
fortunately, none of these substances proved of differential value, 
since pyruvic acid was activated by both groups, and acetic and 
succinic acids by neither group. 

Biochemical studies 

Indol. With two exceptions, the group I cultures produced 
indol, as shown by the Bohme-Ehrlich technique. Group II 
was uniformly negative by this test substance. The potato ex- 
tract broth medium, without glucose and cysteine, was the most 
suitable medium. 

Hydrogen sulfide. Group I formed large amounts of hydrogen 
sulfide, in the absence of cysteine, while group II blackened lead 
acetate only in the presence of this agent. Glucose was omitted 
from the medium. In gelatin or semi-solid agar containing 
cysteine, the hydrogen-sulfide-positive strains produced a turbid 
zone at the surface of the medium after a few hours’ exposure to 
the air. This opaque layer contained elemental sulfur. 

Nitrate reduction. Group I cultures, in general, reduced ni- 
trates, with the liberation of ammonia. Group II, on the other 
hand, was uniformly negative for nitrite after five days’ incuba- 
tion. The usual naphthylamine-sulphanilic acid test was used 
for the detection of nitrite, the Thomas test for ammonia produc- 
tion, and zinc dust (ZoBell, 1932) for residual nitrate. The re- 
sults were most satisfactory in the absence of added glucose and 
cysteine. 

Hemolysis. None of our strains was hemolytic for cow’s 
blood, but group I colonies were sometimes surrounded by a 
greenish area after twenty-four hours’ exposure to the air. This 
“viridans” effect was found to be associated with the production 
of hydrogen sulfide. 

Ldquefaction of gelatin. Gelatin was never liquefied. 

Serological studies 

Serological methods have been of comparatively little value in 
the classification of the fusobacteria. Both Pratt (1927) and 
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Slanetz and Rettger (1933) emphasized the antigenic individual- 
ity of their strains. On the other hand, Varney (1927) estab- 
lished two of his four types by means of the agglutination test, 
and recently (1936) Bachmann and Gregor distinguished two 
groups by serological methods. 

Agglutination tests. Relatively large doses of living organisms 
were employed for the production of antisera. Twenty-hour 
agar plate cultures were suspended in physiological salt solution 
and adjusted to an approximate turbidity of 10, McFarland scale. 
Five injections, increasing from 1.0 to 5.0 cc., were given at two- 
day intervals. Only cultures forming a homogeneous suspen- 
sion were used. After five days following the last injection the 
titre was usually at the maximum (1 : 10,000 to 1 : 20,000). Ten 
antisera were prepared ; however, one serum showed a high pro- 
zone reaction with every antigen tested and was discarded. 
Three of the strains were lethal for rabbits, necessitating the use 
of formalized antigens. 

Performance of successful agglutination tests with most of the 
Fusobacterium strains was accomplished wuth considerable diffi- 
culty, since there was a strong tendency toward spontaneous 
agglutination. Cells obtained from agar cultures exhibited less 
non-specific agglutination than did broth cultures. Relatively 
stable antigens were finally obtained, however, by using twenty- 
hour meat infusion potato agar cultures suspended in alkaline 
(pH 8.0) formalized m/20 solution of Na2Hr^4-12H*0. Read- 
ings were made after three hours’ incubation at 45°C., and after 
twenty-four hours’ at 37°C. Extreme care was necessary in in- 
terpreting the results. Upon standing, many of the larger 
morphological types (group II) settled out in a manner entirely 
distinct from auto-agglutination. Viewed casually, this sedi- 
mentation bore a striking resemblance to flagellar agglutination, 
but when the tubes were shaken again a homogeneous suspension 
resulted. True agglutination of the large group II cells resulted 
in loose flocculation, while group I underwent typical granular 
clumping. The discovery that a few of the strains were serum- 
sensitive necessitated the use of a normal serum control. This 
phenomenon did not appear to be associated with the presence 
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of rough variants. Stock antigens stored for several months in 
the ice box were still satisfactory. 

The eighty antigens were tested against the nine antisera; 
representative reactions are presented in table 3. The strain 
specificity reported by previous investigators is evident from the 
sample results shown. It becomes apparent that a classification 
of the genus based solely upon the simple agglutination test is 
open to criticism, certainly unless an appreciable number of anti- 
sera of each type is employed. 

Viewing the agglutination results in a general way, group I is 
definitely separated from group II, thus confirming the biochemi- 


TABLE 3 

Agglutination reactions 


anhoek 

ANTI8ERT7M 

Qroup I 

Group 11 

Con- 

trol 

Type A 

TypeB 

Type A 

TypeB 

Strain 

Type 

Hi 

Ch« 

Chi 

LA4 

Hu 

Hi 

Hu 

LAi 

GPi 


H,. 

I A 

640 

1,280 

1,280 

320 

160 

40 

0 

0 

0 

0 

VA6 

I A 

160 

10,240 

10,240 

20 

2,560 

40 

40 

0 

0 

0 

H„ 

I B 

160 

160 

0 

160 

5,120 

0 

0 

0 

0 

0 

LAi 

I B 

320 

160 

80 

0 

320 

0 

0 

0 

0 

0 

Hu 

II A 

1,280 

40 

320 

0 

40 

10,240 

0 

0 

0 

0 

VA, 

II A 

160 

160 

20 

0 

0 

2,560 

0 

0 

0 

0 


II B 

0 

80 

! 40 

20 

0 

640 

20 

10,240 

160 

0 

LA., 

II B 

0 

20 

i 0 

1 0 

1 

0 

40 

0 

2,560 

0 

0 


cal differentiation. The intermediate group is divided, four 
strains showing antigenic relationship to group I, and one to 
group II. There is some evidence that group II is composed of 
two distinct serological types corresponding to types II A and 
II B. Many of the type II B strains, however, possessed agglu- 
tinogens for the entire group. The antigenic composition of both 
groups was investigated further by means of a^utinin absorp- 
tion and precipitation tests (see table 4). 

Agglutininrobsorption tests. Reciprocal absorption tests con- 
firmed the presence of group specific antigens. The high degree 
of strain specificity, however, made interpretation of the results 
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difficult. Attempts to recognize the presence of definite anti- 
genic types in group I were unsuccessful; in fact, sufficient data 
were obtained to justify the conclusion that this group possesses 
a complex antigenic structure. Group II, on the other hand, 
was divided, as suggested by the simple agglutination tests, into 
two sub-groups corresponding to types II A and II B. There .was 
a further indication that type II B strains contain agglutinogens 
for both types II A and II B. 

Precipitin tests. The successful use of the precipitation tech- 
nique by Lancefield (1933, 1934) for typing the streptococci, and 
by Julianelle and Wieghard (1935) for the classification of the 

TABLE 4 


Summary of classification scheme 



BIOCHEMICAL 

BEBOLOGICAL 

Fermentation of 

Final pH in car- 
bohydrate 
broth 

Protluc- 
tion of 

Reduc- 
tion of 

Agglutination by 
antisera against 

i 

.1 

II 

Lactoee 

i 

In- 

dol 

ns 

NOi 

NO* 

Group I 

Group II 

A 

1 

B 

A 

B 

Group I, type A . . 

— 

— 

— 1 

6 2 

+ 

+ 

+ 


+ 

+ 

— 

— 

Group I, type B . 

+ 

- 

- ! 

6 3 

+ 



+ 

+ 

+ 

- 

- 

Intermediate. . . 


=fc 

'-{i 

4 8 

5 1 

+ 1 

+ 

=h 

± 

dz 

± 

± 

— 

Group II, type A. 

-h 


i 

4 7 



— 

— 

— 

— 

+ 

— 

Group II, type B. 

•f 


,4- 1 

4 6 


— 

i 

— 

— 

— 

± 



±1 indicates both positive and negative reactions within the group. 


staphylococci, suggested the desirability of applying this tech- 
nique to the fusobacteria. The method of Lancefield in which 
crude extracts are employed wae at first closely followed. When 
most of these antigens failed to produce any precipitation what- 
soever, larger volumes of cells were used, but still with negative 
results. Believing that much of the desired antigen mi^t have 
been lost in separating the cells from the medium in which they 
were grown, cell-free broth antigens were prepared, but again 
with unsatisfactory results. Finally, the bacterial growths on 
solid media were washed off and boiled for one hour in m/20 
HCl. A study of twenty extracts prepared in this manner re- 
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suited in some confusion. The group II antigens reacted only 
with homologous antisera, but the group I extracts failed to react 
with any of the antisera. Whereas group II had been divided 
previously into the two types by the agglutination tests, it ap- 
peared by this method to be homogeneous. Five of the antisera 
were entirely unsatisfactory as precipitating agents. Similar 
(negative) results were obtained in attempts to isolate a precipi- 
table .substance. 

The biochemical and serological bases of classification receive 
some support from the morphological and cultural studies con- 
ducted by us. However, since the last two must be regarded as 
having somewhat limited taxonomic value in themselves, and 
because they constitute a major part of the work on growth re- 
quirements and variation, they are presented in the second of the 
two papers which constitute this series. 

RELATION BETWEEN SOURCE AND TYPE 

Most investigators have failed to note a correlation between 
types and sources of strains. On the other hand, Slanetz and 
Rettger isolated their types II and III from pathological condi- 
tions only. In the present study it is noteworthy that all but 
three of the animal strains belonged to group I. 

DISCUSSION 

If it were not for the presence of the intermediate group, the 
question might well be raised as to whether groups I and II 
actually belong to the same genus. Fortunately, the five inter- 
mediate strains possess properties characteristic of both groups. 
As a result, it is possible to trace a gradual transition from the 
weakly saccharolytic and highly nitrogen-active strains of group 
I (type A) to the highly fermentative members of group II (type 
B), which are relatively indifferent to the presence of nitrogen 
compounds. 

The occurrence of essentially different fermentation processes 
was substantiated further by potentiometric oxidation-reduction 
determinations made in this laboratory by Dr. R. W. H. Gil- 
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lespie.* The potential time curves clearly demonstrated that the 
two groups may be distinguished by this method. 

The primary separation into two groups was made, not upon 
the ability of different strains to attack different carbohydrates, 
but rather upon the widely different final acidities which they 
produced. The fact that the other biochemical tests, the ser- 
ological reactions and the oxidation-reduction studies, support 
this division appears to us to be sufficient ground for proposing 
that groups I and II be designated as separate species of the 
genus, Fusobacterium. 

The division of group I into two tjrpes by the fermentation of 
sucrose is not confirmed by the agglutination tests. Instead, the 
group appears to possess a complex antigenic structure. Al- 
though no evidence could be obtained that these serological sub- 
groups are significant, a receptor-analysis study would in all 
probability yield more definite information. 

The separation of group II into two types upon the basis of lac- 
tose fermentation was confirmed to some extent by the aggluti- 
nation reactions. If the agglutinin-absorption results have any 
value, it is in the suggestion that tjqjes II A and II B are probably 
distinct entities. On the other hand, the precipitin tests failed 
to distinguish these two types. 

Morphological and cultural characteristics may also serve as 
differential criteria for the groups, but since their taxonomic 
value is somewhat limited in the system employed here, they 
will be discussed separately in the second report of this series. 

A comparison of the proposed classification with that of Slanetz 
and Rettger may be summarized as follows: Group I, type A, 
comprises Slanetz and Rettger’s types I and II; group I, tjTpe B, 
contains a portion of their type III; group II, type A, contains 
the remainder of their type III; group II, type B, corresponds 
to their type IV. 

CONCLUSIONS 

1. Eighty strains of Fusobacterium were divided into two main 
groups by their biochemical and serological behavior. 

* We are indebted to Dr» Gillespie for permission to make use here of these 
unpublished data. 


JOUBKAX* or BACTBBIOLOGT, TOL. 34, BO. 5 
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2. Group II is distinguished from group I by (a) its ability to 
produce approximately twice as great an acidity from carbohy- 
drates as the latter, (b) its property of fermenting maltose and 
trehalose, and (c) its inability to form indol, produce hydrogen 
sulfide and reduce nitrates. 

3. Each of the two groups is made up of two important fer- 
mentative sub-groups, or types. 

4. A method for preparing satisfactory agglutination antigens 
is described. 

5. The precipitin technique failed to yield reliable results. 
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In tlie preceding paper of this series the writers separated the 
Fmohactcrium genus into two main groups, on the basis of bio- 
chemical and serological properties. The present report deals 
with morphological and cultural characteristics of these groups, 
with emphasis on nutritional requirements and variation. 

CELL MORPHOLOGY 

The typical Fusohacterium cell is a Gram-negative, non-motile 
and non-sporulating bacillus which may or may not possess the 
clas.sical fusiform shape. Following primary isolation, the cells 
become progressively smaller during the first ten or fifteen gen- 
erations. Those of group I are shorter (averaging 3 micra) 
than those of group II (averaging 10 micra), type I A being the 
smallest, and type II B the largest. The group I bacilli are char- 
acterized also by their thinness (0.2 to 0.4 micron), by their 
pointed ends, and by their frequent production of granules. On 
the other hand, the cells of group II are thicker (averaging 0.6 
micron), may have rounded ends, and contain chromatin material 
which is often distributed in a bizarre manner, even assuming at 
times a definitely bacillary or spirillar form. Group I shows a 
single contour in dark-field preparations, w'hile group II is double- 
refractive. The characteristic morphologies are illustrated in 
figuies 1 and 2. 

^ This paper covers part of a dissertation submitted by the Senior author to 
the Graduate School of Yale University in partial fulfilment of requirements for 
the degree of Doctor of Philosophy. 
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CULTURAL CHARACTERISTICS 

Colony appearance. The colony appearance of the various 
types progresses from the amorphous, convex and circular colony 
of type lA to the granular, flat and rhizoid colony of type II B. 
The manner of this transition resembles the smooth to rough 
change in other genera (figs. 3 and 4). Group II colonies may be 
detected readily with the naked eye by their ground-glass ap- 
pearance when viewed with direct light. Isolated colonies are 
butyrous, grey and translucent. Those of group I, on the other 
hand, are more opaque, often show a brownish central area and 
are inclined to adhere to the medium. 

Potato extract medium. Group I strains produce in potato- 
extract cysteine broth a dense, even turbidity, accompanied by 
a slight sedimentation after twenty-four hours’ incubation, while 
group II cultures develop as a loosely flocular sediment, leaving 
the supernatant fluid practically clear. During the present in- 
vestigation there were no exceptions to this differential behavior 
whenever vigorous growth occurred. 

Varney (1927) stated that a foul odor accompanying his cul- 
tures invariably indicated the presence of a contaminating or- 
ganism. Tunnicliff (1911), on the other hand, in agreement with 
most investigators, found her cultures to be offensive; Smith 
(1932) described one of his types as possessing a rancid odor. 
In the writers’ experience, the nitrogen-active group I cultures, 
especially in the presence of cysteine, produced a distinctly 
pungent odor, predominantly that of HjS. Group II strains, on 
the other hand, were faintly rancid, indicating the presence of 
butyric acid. The property of producing a disagreeable odor 
would seem to depend, then, upon the group to which a given 
organism belongs, as well as upon the medium employed. 

Oxygen relation. One gains from the literature the impression 
that the fusiform bacilli differ widely in their tolerance of oxygen. 
Although they are usually reported as being strict anaerobes, 
Tunnicliff (1911), Larson and Barron (1915) and Sanarelli (1927) 
claim to have cultivated strains aerobically. It would appear, 
therefore, that either the fusobacteria acquire a tolerance for 
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oxygen, or that there is one type within the genus which is in- 
herently anaerobic and another which is aerobic. 

Recently-isolated cultures of Fusohacterium will grow only 
under strictly anaerobic conditions, and are extremely suscepti- 
ble to atmospheric oxygen. We have observed that agar cul- 
tures which were allowed to remain exposed to the air for as short 
a period as one hour occasionally refused to develop on sub-cul- 
ture. On the other hand, certain of the older strains survived 
long exposures. Fifty cultures isolated from three months to two 
years previously were tested for their ability to grow in open 
broth tubes, both with and without cysteine. Ten serial sub- 
cultures were made at forty-eight-hour intervals. At the end of 
the experiment twenty-three of the twenty-seven group I strains, 
four of the five intermediate and one of the eighteen group II 
cultures showed growth in the tubes containing 0.1 per cent 
cysteine. In the absence of cysteine, five of the group I, and 
none of the intermediate or group II strains developed. No 
growth was ever observed on the surface of agar plates incubated 
aerobically. The results of this experiment indicate the degree 
of oxygen tolerance that may be acquired, particularly by old 
group I cultures, under artificial cultivation. 

Although old laboratory strains were less oxygen-sensitive than 
recent isolations, the necessity for using only freshly-prepared 
media cannot be over-emphasized. Neither broth nor agar, 
when allowed to absorb oxygen for a day or two, yielded satis- 
factory growth, even though the medium was boiled immediately 
before being used. The decrease in the growth-promoting 
qualities of aerated media may be related in part to the potato 
extract, since it quickly loses much of its growth-promoting 
property unless it is stored anaerobically. 

NUTRITIVE REQUIREMENTS 

Ordinary meat extract or meat infusion media will not support 
the growth of the fusobacteria. Although the addition of an 
aqueous potato extract was decidedly beneficial, many of our 
strains still developed poorly, or not at all. Fortunately this 
difficulty was partially overcome when it was found that the addi- 
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tion of small amounts of cysteine resulted in the abundant growth 
of all of the group I cultures. Since 0.1 per cent cysteine HCl 
serves to poise the medium at an OR level of approximately 
Eh-0.20, it is possible that the growth-promoting ability of this 
substance is due to its reducing property. On the other hand, 
the large quantities of HjS produced in the presence of cysteine 
indicates that group I easily utilizes the sulphydril compound 
as a source of energy. 

During the search for a similar substance for group II, it was 
observed that the addition of ordinary brown sugar, as reported 
by Allison and Hoover (1934) for Rhizobium, resulted in abundant 
growth. It was soon discovered, however, that any carbohy- 
drate fermented by the given strains also possessed this property. 
The importance of carbohydrates as available somces of energy 
became apparent during the fermentation studies, when it was 
observed that most of the group II strains failed to grow at all 
unless a fermentable substance was present. As a result, glucose 
was added routinely to the basic medium. 

After six months’ cultivation in the laboratory, the majority 
of the group I and several of the group II cultures were able to 
develop without the potato extract. It is not unlikely, therefore, 
that some of the strains became trained, by artificial cultivation, 
to synthesize the substance essential for their development. A 
similar situation has been shown by Fildes and his co-workers 
(1933) to exist regarding the tryptophane requirements of 
Eberthella typhosa. 

In table 1 are presented the results of an experiment designed 
to detennine the relative value of glucose, cysteine and potato 
extract in promoting the growth of established laboratory cul- 
tures. Five strains of each type were cultivated in five different 
media, all containing as a base 1.0 per cent proteose peptone and 
0.3 per cent Liebig’s meat extract. The inoculum in every in- 
stance consisted of 0.1 cc. of culture, and transfers were made at 
twenty-four-hour intervals. Tubes showing no turbidity were 
re-incubated for an additional two days before being discarded. 
The experiment was terminated after the fifteenth sub-culture. 
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The substitution in the medium of neo-peptone for proteose 
peptone gave quite unsatisfactory results. The ineifectiveness of 
this ingredient is, perhaps, explained by the observation that the 
neo-peptone broth had a higher Eh value than the proteose pep- 
tone broth. 


TABLE 1 

Relative values of media constituents 


LABT BUCCESSrCJL BUBCULTUllS IN BABIC BROTH CONTAINING: 


STRAIN 

TTPK 

No added 
substanceB 

10 per cent 
potato 
extract 

0.05 per cent 
cysteine 
HCl 

0.1 per cent 
glucose 

10 per cent 
potato 
extract; 

0.05 per cent 
cysteine; 

0.1 per cent 
glucose 

VAg 

I A 

1 

+ 

-f 

+ 

4 

LA 4 

I A 

1 

+ 

4* 

10 

4 

Vi 

I A 

1 

4- 

13 

5 

+ 

Chi 

I A 

1 

4“ 

+ 

4 

+ 

Ri 

I A 

4 

+ 

4* 

4 

4 

H.o 

I B 

1 1 

+ 

+ 

+ 

+ 

VAi 

I B 

4 

+ 

4- 

+ 

+ 

LAs 

I B 

1 

3 

4 

5 

4 

M, 

IB 

0 

4- 

4 

4 

4 

Di 

I B 

5 

4- 

4 

4 

4 

H, 

II A 

0 


1 

2 

4 

H, 

II A 

0 

1 

0 

1 

4 

H., 

II A 

6 

4- 

4 

4 

4 

IL. 

II A 

0 

4* 

0 

4 

4 

VA, 

II A 

0 

1 

0 

5 

4 

II„ 

II B 

0 

i 4- 

0 

4 

4 

VA, 

II B 

0 

1 1 

0 

4 

4 

LA, 

11 B 

0 

i 4- 

0 

4 

4 

LA„ 

II B 

0 

4* 

4 

4 

4 

GP, 

II B 

0 

10 

0 

13 

4 


4“ indicates growth at the end of the experiment; 1, 2, 3, etc. indicates last 
successful subculture; 0 indicates no growth. 


VARIATION STUDIES 

Diffme and granular growth in broth. Under favorable con- 
ditions a vigorous group I culture develops as a diffuse suspen- 
sion in broth. Group II, on the other hand, produces a loosely 
flocculent sediment. When favorable growth conditions do not 
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exist, however, the broth tubes of both groups may remain clear; 
however, upon agitation the sedimented material appears as 
granular particles in the case of group I strains, and as flocculent 
masses when group II is concerned. 

The granular form of Fusobacterium appears whenever the ac- 
tivity of the strain has been permitted to lapse, or when the me- 
dium is not suitable for optimal development. Such cultures are 
unsuited for biochemical and serological studies. A series of 
rapid subcultures under favorable conditions, however, will, as 
a rule, restore the diffuse growth character. Inocula containing 
the granular cells ordinarily fail to develop on the special routine 
agar, but when growth does take place, the colonies are of a 
characteristic smooth nature. No morphological difference could 
be detected between the cells of the granular and the diffuse 
cultures of the same strains. 

Opaque variant. Evidence of well-defined variation was first 
obtained when two distinct types of colonies (group I, type B) 
appeared spontaneously in a young agar plate culture. Whereas 
one, the smooth colony, was translucent and possessed a bluish- 
grey tinge, the variant type was opaque and dirty-white in color. 
Although of granular appearance, the latter type of colony was 
actually mucoid (fig. 5). A pure culture of the variant was easily 
secured. In broth it gave rise to an extremely filamentous, and 
at times membranous, growth (fig. 6). Biochemically, it was 
indistinguishable from the parent strain; agglutination tests could 
not be carried out, due to the mucoid nature of the growth. 
The precipitin tests were negative. 

This sub-strain was relatively stable. Reversion to the smooth 
type, however, could be accomplished regularly by making several 
successive daily transfers. On the other hand, the translucent 
to opaque transition continued to occur spontaneously, unless 
frequent subcultures in meat infusion broth were carried out. 
Group II cultures produced the variant less frequently than 
group I. A study of the factors responsible for the appearance 
of the opaque colony indicated the importance of aging in broth 
and of a lowered vitality of the culture. 

Stability of the types. The normal group 11 colonies possess 
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the rhizoid character one might expect in rough group I variants. 
Therefore, the stability of the types was of considerable interest. 
Although the transformation of one type to another had not oc- 
curred spontaneously, it seemed possible that drastic procedures 
might force the cells of one type to assume some of the charac- 
teristics of another. Consequently, two strains of each type 
were grown for ten generations in broth containing a 10 per cent 
concentration of specific antisenim. No significant morphologi- 
cal or biochemical change was observed ; because of the granular 
nature of the growth, agglutination tests were not attempted. 

RELATIONSHIP TO SPIROCHETES 

The association of fusiform bacilli with spirochetes has at- 
tracted considerable attention in relation to the so-called fuso- 
spirochetal diseases. This relationship is generally regarded as 
being symbiotic, but Tunnicliff (1906) suggested that the spirillar 
form is, in fact, a stage in the evolution of the fusiform bacillus, 
the spirals appearing on the fourth or fifth day of incubation. 
These observations have received confirmation from Smith 
(1932), Sanarelli (1927) and others. Hoivever, most observers 
have found little resemblance between the spiral forms and true 
spirochetes. Tunnicliff (1923) further described the formation 
of these spirals within the large bacilli and their escape from 
the parent cell, following lysis. More recently (1932), the same 
author suggested that the spiral organisms are rough dissociants, 
since they were found by her only in the rough colonies; the 
smooth colonies contained bacillary cells exclusively. 

An attempt was made by us to produce the spiral forms in a 
consistent manner, with the hope of fully determining the under- 
lying factors. Nevertheless, the use of malt-extract blood agar, 
as employed by Tunnicliff, failed to produce more than an oc- 
casional spirillar element. In fact, growth upon this medium 
was meagre, due, perhaps, to the distinctly acid reaction (pH 
6.2). In aging cultures small shrivelled cells were observed, but 
no evidence could be obtained that these forms were viable; 
they were not present in young sub-cultures, were refractive to 
vital stains such as neutral red, malachite green and crystal 
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violet, and could not be identified in dark-field preparations. In- 
deed, it became apparent that any medium having a distinctly 
acid reaction would stimulate the early production of involution 
and shadow forms, and an occasional spiral. The results of a 
number of experiments indicated that an acid medium and over- 
heating of the film during the fixing process of staining were im- 
portant factors in producing spiral cells. There was no observ- 
able difference in the ability of groups I and II to give rise to 
spirillar elements. It should be emphasized, however, that the 
occasions on which these spiral elements appeared were ex- 
tremely few. 

A second type of spiral was seen in young cultures as a long 
loosely-waved filament. These spiral forms were similar to those 
described by Varney in his type III strains. In spite of consider- 
able effort spent in attempting to produce this type, it was rarely 
observed. 

Eight strains, two from each type, were next subjected to a 
variety of procedures commonly employed to induce variation. 
Different media containing 0.5 per cent LiCl, 10 per cent specific 
antisera, and low concentrations of nutrient material failed to 
show evidence of spiral elements after fifteen sub-cultures, al- 
though a high degree of pleomorphism was noted. Growth in 
filtrates of Bacillus mesentericus-mlgatus, as suggested by San- 
arelli, occurred only with group I strains; no spirals were observed 
in smears from these cultures. 

Finally, upon the basis of Pilot’s (1926) and of Sanarelli’s ob- 
servations that fusiform bacilli are generally found near the sur- 
face of morbid processes, whereas the spirochetal forms are most 
abundant in the depths of the lesions, the eight strains were inoc- 
ulated into broth containing small pieces of fresh, sterile guinea 
pig liver. Repeated microscopic examinations of the growths 
and of impression smears made by gently pressing the surfaces 
of the tissues against slides revealed only bacillary forms. 

These experiments may be summarized by stating that the 
spiral form does not appear to be a common morphological vari- 
ant ; on not more than a dozen occasions were these loosely waved 
filaments observed. Furthermore, no evidence was obtained 
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that the spirillar variant is characteristic of a single type, as 
suggested by Varney. None of the spirillar filaments could be 
mistaken for true spirochetes. 

PATHOGENICITY STUDIES 

The role of the fusobacteria in the so-called fuso-spirochetal 
diseases is still an open question. By most investigators the 
fusiform bacilli have been considered as secondary invaders, by 
some as saprophytes, and by a few as the primary etiological 
agents of many fetid and gangrenous processes. Their presence 
in smears from a wide variety of ulcerative and gangrenous con- 
ditions is complicated by the fact that these organisms are or- 
dinarily found upon the normal mucous membranes of the 
mouth, throat and external genitalia. For a review of the litera- 
ture on the pathogenicity of the genus, the reader is referred to 
the senior author’s dissertation deposited in the Yale University 
Library. 

In spite of the pathogenic rdle often attributed to these or- 
ganisms, most investigators have failed to produce experimental 
infections with pure cultures (Lichtenburg et al., 1933). Never- 
theless, Tunnicliff and Klein (1934) produced subcutaneous 
abscesses in experimental animals with the aid of a glucoside. 
Without the aid of a chemical, Grumbach and Verdan (1936) 
reported the production of a fatal purulent peritonitis in guinea 
pigs. E. C. Smith (1933) noted in human volunteers a rise in 
temperature following the injection of pure cultures, which he 
interpreted as a manifestation of a toxic action. Two attempts 
(Pratt, 1927, and Cohen, 1933) to demonstrate the presence of 
a Fusobacterium toxin have yielded negative results. 

During the preparation of antisera it was found that the in- 
travenous injection of 1.0 cc. of strains VAi, LA» and GPi pro- 
duced rapid death of rabbits. Positive cultures were obtained 
from the heart blood, lung and liver. A few preliminary viru- 
lence and toxicity experiments were performed, using white mice 
and rabbits; but, since there was insufficient opportunity to make 
a thorough study, the detailed results are omitted. In large doses 
these strains were lethal for mice when injected intrapleurally. 



558 


EARLE H. SPAULDING AND LEO F. BETTGER 


Less definite results were obtained by the intravenous route, and 
no abscess formation resulted from subcutaneous inoculations. 
The pathological picture at autopsy was indefinite and variable. 
Two months later the strains had entirely lost their virulence. 
Dick and Emge (1914) and Pratt (1927) have reported a similar 
loss of virulence by their strains. 

Repeated efforts to demonstrate a soluble exotoxin, and an 
endotoxin prepared by alternate freezing and thawing, were 
negative. Likewise, the filtrates of young cultures failed to 
elicit the Shwartzman reaction. 

DISCUSSION 

In view of the fact that the fusiform bacilli readily fall into 
two groups of organisms which have wndely different properties, 
it is conceivable why certain conflicting reports have appeared in 
the literature. The production of a disagreeable odor, for in- 
stance, is not a property of all strains of fusobacteria, but is 
limited to group I, especially when cysteine is present in the me- 
dium. Similarly, the fact that the strains studied by one inves- 
tigator were reported as weakly saccharolytic, and as producing 
hydrogen sulfide, while those of another failed to form these 
substances, and at the same time were highly fermentative, does 
not necessarily exclude either one of the groups from this genus. 
Furthermore, contradictory reports concerning the necessity for 
an accessory group substance and for strict anaerobiosis may be 
explained by the observation that old laboratory strains are much 
less fastidious in their requirements than recently-isolated ones. 

The usual criteria for determining rou^mess in bacterial colo- 
nies do not apply here. The typical group II colony possesses the 
granular composition, convoluted surface and rhizoid margin 
which generally characterize rou^ colonies. 

Efforts to bring about the consistent formation of spirillar 
cells, the so-called spirochetal form, met with failure. While 
such a morphological type may exist, final proof of its occurrence 
in cultures possessing the biochemical and serological properties 
reviewed here still awaits demonstration. 
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CONCLUSIONS 

1. The morphological characteristics of the fusobacteria are 
variable, but conform in general to the proposed groupsi and II. 

2. The character of the growth in broth constitutes a valuable 
criterion for differentiating the two groups. 

3. The growth requirements are of a widely divergent nature. 
A potato-extract medium containing glucose and cysteine sup- 
ports the vigorous development of both groups. 

4. The nutritive and anaerobic requirements are influenced 
greatly by artificial cultivation. 

5. A granular type of growth in broth and an opaque colony 
on agar are manifestations of bacterial variation. 

6. Spiral forms are, at best, of rare occurrence in laboratory 
media. 

7. Some of the fu.siform bacilli may be pathogenic for labora- 
tory animals, but no evidence of toxin production could be ob- 
tained. 
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PLATE 1 


Fig. 1. Cell morphology of strain Chi (group I, type A), 
culture. X 1200 diameters. 

Fig. 2. Cell morphology of strain LA# (group II, type B). 
culture. X 1200 diameters. 

Fig. 3. Surface colonies of strain Chx (group I, type A), 
culture. X 30 diameters. 

Fig. 4, Surface colonies of strain LA« (group II, type B). 
culture. X 30 diameters. 
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PLATi: 2 

Fk; .*) Variant and transluctait opatjiK* colon k's of strain I.A>, (i^roup I, 
tvp(‘ H) Fo! t\ -ciijlit hour (‘ultiiH' X 30 diani(‘t(‘rs 

Fid () ('<‘11 inorpholo^iv of opaqu(‘ valiant from strain I. A, (i^ioup 1, typt‘ H) 
Forty-<Mglit luMii broth (*ultiir(‘ X 12tK) diamctcis 

l'’i(i 7 ( '(‘11 inoi pholo^v of tiansluccnt (smooth) colony of strain L\> I'ortv- 
<Mi?ht hoiii cultuic X 1200 diam(‘t(‘is (“Normal” (‘olon\ ) 







PROCEEDINGS OF LOCAL BRANCHES OF THE SO- 
CIETY OF AMERICAN BACTERIOLOGISTS 

MICHIGAN BRANCH 
January 15, 1937 

A Statistical Analysis of Standard of Endo and of bismuth sulphite agar 
Plated Counts and MF/ruYLENE- was made. Endo plates were streaked 
Blue Plated Counts and Meth- from a suspension of approximately 1 
ylenb-Blue Reduction Tests gram of feces in 10 cc. of physiological 
Made On Raw Milk. E. D. Dev- salt solution. Bismuth sulphite agar 
ereuXy Department of Bacteriology, plates were streaked from this suspen- 
Miehigan State College. sion and directly from the stool speci- 

men. Poured plates were also made 
The Unreliability of Eosin-Meth- using 5 cc. of the suspension and 
ylene-Blue-Agar IN THE Isolation approximately 20 cc. of bismuth sul- 
or Coli-Aerogenes Group. Cath- phite agar. 

erine Michael and W. L. MallmanUy The specimens examined w^ere ob- 
Department of Bacteriology, Michi- tained from two groups; food handlers 
gan State ('ollege. who were suspected of being typhoid 

carriers, and persons who had been in 
A Comparative Study of Methods contact with known cases of typhoid 
FOR the Isolation or Typhoid fever. 

Bacilli from the Stools of Sub- The results of this study were strik- 
pected Carriers. Elizahelh Cope ingly in favor of the use of poured 
and Joseph Kasper, Department of plates of bismuth sulphite agar. Posi- 
Health, Detroit, Mich. tive findings increased from 1.2 to 16.8 

In order to determine the best per cent among the food handler group, 
method for use in the detection of car- and from 8.4 to 17.5 per cent among 
riers of Eberihella iyphosa, a compari- the contacts when this method was 
son of the results obtained by the use employed. 

MICHIGAN BRANCH 
February 12, 1937 

Influence of Dead Bacteria on widespread belief that bacteria killed 
Microscopic Counts of Pasteur- by pasteurization, remain visible and 
IZBD Milk. Archibald R, Ward and are counted when microscopic counts 
Charles E. Myers, Dairy Testing are made of pasteurized milk. 
Laboratory, Detroit, Mich. The problem w^as studied by making 

The experimental work reported microscopic counts of raw milk and of 
upon, concerns the justification for the the same milk at short intervals during 

565 
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and after the usual half-hour of holding 
at pasteurizing temperature. Per- 
centages of reduction of bacterial count 
were computed from the count of the 
raw milk and from the counts obtained 
after pasteurizing for various periods. 

Heating milk at pasteurizing tem- 
perature for 30 minutes caused a con- 
siderable reduction in the number of 
bacteria found in smears stained with 
methylene blue. The percentages of 
reduction obtained were comparable 
with similar figures that have been 
reported from studies made with plate 
counts. Most of the bacteria found 
after the 30-minute holding, disap- 
peared after longer heating. Microsco- 
pic counts made at 5-minute intervals 
during pasteurization, revealed a gen- 
erally consistent reduction in numbers 
of bacteria. The bacteria found in a 
well-stained condition were regarded 
as live bacteria which had survived the 
period of heating involved in each case. 

The results support the belief that 
non-thermophilic bacteria in stained 
smears of pasteurized milk could hardly 
have given origin to the belief that dead 
bacteria interfere with microscopic 
counts. On the other hand, it is be- 
lieved that before thermophilic bac- 
teria were recognized as such they were 
mistaken for dead bacteria. 

It w^as concluded that insufficient 
numbers of dead bacteria remain visi- 
ble after pasteurization to impair the 
usefulness of direct microscopic counts 
made of pasteurized milk. 

Results of Fivb-Ybab Quality Con- 
trol Program on Detroit's Milk 
Supply. Russell R, Palmer ^ Depart- 
ment of Health, Detroit, Mich. 
Preliminary investigation of the 
causes of poor-keeping-quality milk as 
shipped from the individual farms, 
revealed that improper cooling, dirty 


utensils, including dirty milking ma- 
chines, badly infected udders, were the 
troublesome factors. Improper cool- 
ing accounted for over eighty per cent 
of the trouble with poor-keeping- 
quality milk. 

Another preliminary survey revealed, 
that there was no relationship between 
the amount of milk shipped by a pro- 
ducer and the troubles experienced wdth 
unsatisfactory methylene blue or sedi- 
ment tests. 

The plan of procedure adopted after 
the preliminary work, was to exclude 
the shipper of unsatisfactory milk, as 
shown by methylene blue or sediment 
test, for varying periods of times, 
dependent upon the frequency of ship- 
ment of such unsatisfactory milk. 

A review of the five years work in 
quality control in which the methylene 
blue test was used for the estimation 
of keeping quality of the milk and the 
sediment test used to determine the 
cleanliness revealed a steady and 
continual reduction in the milk judged 
to be unsatisfactory by the methylene 
blue test and a parallel improvement 
in the cleanliness of the supply. 

Further study clearly demonstrated 
that the exclusion of the shipper of 
unsatisfactory milk, as judged by 
either test corrected the conditions, as 
demonstrated by the marked reduction 
in the number of producers that it was 
necessary to exclude more than a single 
time during the five-year period. 

The conclusions are, that the use of 
tests to determine the fitness of milk 
for the market and the infliction of a 
penalty on the shippers of unsatisfac- 
tory milk will gradually, but surely 
improve the supply of incoming milk. 
It is evident that the shipment of un- 
satisfactory milk is due to carelessness 
on the part of the producer, and he must 
be penalized in some manner. 
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Although many theories have been proposed to account for 
the specificity of the relationships between leguminous plants and 
root-nodule bacteria, there is little evidence to support any of 
them. Neither is it known why this relationship is confined to 
leguminous plants. Most of the studies have been made on the 
nodule bacteria apart from the host plants and hence natural 
conditions have seldom been approached. 

Several investigators have shown that some plants develop an 
active immunity toward certain organisms. This immunity is 
generally localized near the point of injection or of the previous 
infection. Chester (1933) has given a review of the subject and 
only a few references will be mentioned here. 

Hiltner (1902) and Hiltner and Stormer (1903) found that the 
expressed sap of leguminous plants caused plasmolysis and a 
breakdown of the nodule bacteria. They concluded that the 
reactions of host and bacteria are best explained in terms of a 
partial or controlled active immunity. Siichting (1904) recog- 
nized the acquired immunological character of this relationship, 
in part, as a result of his observation that there is a limit to the 
number of nodules, regardless of the amount of inoculum in- 
troduced. 

Cappelletti (1924, 1926) noted a relationship between the pro- 
duction of antibodies by the legume plant and the formation of 
bacteroids, suggesting that the Leguminosae comprise two dis- 

^ Journal paper J-458, Iowa Agricultural Experiment Station, Ames, Iowa 
Project No. 226. 
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tinct types. In one, typified by Pimm, bacteroids are formed 
accompanied by nuclear disturbances and the production of anti- 
bodies specifically directed against the bacteria. In the other, 
typified by Phaseolus, no bacteroids or antibodies occur in the 
nodules. He observed that bacteroids made their appearance 
about the time the plant flowered. Agglutinins and precipitins 
were also present only at this time, being absent in the younger 
nodules which contained no bacteroids and disappearing at the 
stage of seed production. The antibodies were strictly localized 
in the root-nodules, and were destroyed by heating at 7$ to 80® 
for one-half hour. While Cappelletti's work helps to explain 
some of the bacterial host-plant relationships, it fails to indicate 
anything concerning the initiation of these relationships. 

Several investigators have employed various extracts of legu- 
minous plants for the culture of Rhizobium (Allison, 1927 and 
Itano and Matsuura, 1936). No investigations have come to our 
attention, however, in which growth has been studied directly in 
the plant sap. Sherman and Hodge (1936) demonstrated that 
juices expressed from cabbage heads and the roots of turnips 
possessed mild but distinct bactericidal properties, but this was 
not the case with the juices from carrots, parsnips and cucum- 
bers. The bactericidal property of the cabbage and turnip juices 
was destroyed at 60®C. for 10 minutes, adsorbed by activated 
carbon and removed by a Berkefeld N filter, but not by the V 
candle. Such a bactericidal property of plant juices is of interest 
in the study of the relation between legume plants and the nodule 
bacteria. 

In view of all information available regarding the activity of 
the root-nodule bacteria in artificial media, it seems that studies 
made directly in the freshly expressed juices of plants may be very 
helpful in correlating our present knowledge with the processes 
involved in symbiosis. 


PROCEDT7RE 

The fresh plant material was minced and pressed in a Carver 
laboratory press at about 4000 lbs. per square inch. The juiee 
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was clarified by centrifuging in a Sharpless super-centrifuge at 
35,000 revolutions per minute for 10 minutes and passing through 
fine filter paper. Sterilization was accomplished by filtration 
through La Chamberland-Pasteur filters. Sterile filtrates were 
not obtained with number N Berkefeld filters. 

In each experiment a portion of the clarified juice was heated 
in streaming steam for 5 minutes, which precipitated the pro- 
teins, consisting mostly of albumins. The remainder of the juice 
was kept cold from the time it was expressed until it was sterilized 
and inoculated. For this purpose the containers were packed 
in ice as much of the time as possible. It was hoped by these 
precautions to keep any changes due to enzymatic action at a 
minimum. 

Ten-cubic centimeter portions of the sterile juice were then 
transferred asceptically to test tubes and inoculated. The usual 
procedure required about 3 hours from the time the plants were 
harvested until the juice was inoculated. Inoculations were 
made with 7 cc. of 24 to 48-hour cultures, which had been pre- 
viously diluted to the desired concentration with sterile physio- 
logical salt solution. The cultures were grown in a mineral salts 
solution of the composition employed in previous investigations 
(Thorne and Walker, 1936). Commercial cane sugar was added 
as a source of energy and either asparagin or KNOj as the nitrogen 
source. 

The cultures were incubated at 28'’C. and shaken at various 
intervals. In most instances numbers of organisms were deter- 
mined by direct counts with a Petroff-Hausser chamber. In a 
few instances counts were made by the agar plate method. 

The following strains of bacteria were used : Rhizobium meliloti 
110 and 132, Rhizobium trifolii 206, Rhizobium leguminosarum 
301, Rhizobium japonicum 403, Rhizobium phaseoli 504, cowpea 
bacteria 606, Achromobacter radiobacter 1 and 2, Pseudomonas 
pyocyanea, and Bacillus subtilis. 

The pH of the various juices was determined with either quin- 
hydrone or glass electrodes. Nitrogen determinations were made 
by the Kjeldahl method. 
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RESULTS 
Growth studies 

In preliminary experiments it was observed that juices which 
had been heated often permitted the growth of bacteria which 
showed no activity in unheated juice. The growth of several 
species was therefore studied in heated and unheated portions of 
juices from different types of plants. The data of a representa- 
tive determination are given in table 1. In each case duplicate 
cultures were made and the average reported. 

The results of several experiments, including the data in table 1 
are summarized in table 2. In this table, data representative of 

TABLE 1 


Chrowtk of bacteria in juice expressed from the tops and roots of navy bean plants 





BOOTH 

i 


TOPS 


OBOANI81I 

INOCU- 

LUM 

Unheated 

Heated 

Unheated 

Heated 


34 

hours 

48 

hours 

24 

hours 

48 

hours 

24 

hours 

48 

hours 

24 

hours 

48 

hours 

R. phaseoli 

6 80 

8 334 

2 778i 

mill 

28 056 

tons per 

212 78 

te, 

[ 6 888 

7 778 

5 278 

20 832 

R. jsponioum 

4 16 

3 334 

28 054 

25.834 

142 25 

4 166 

45 833 

1 944 

3 222 

R. mdiloti 

7 44 

, 16 274 

13 612 

34 444 

118 73 

35 556 

31 388 

32 778 

53 04 

A. radiobaoter 

10 44 

0 0 

0 66 

61 667 

210 50 

9 166 

5 556 

58 610 

13 334 

P. pyoesranea 

9.86 

138.27 

400 + 

144 25 

400 + 

123 3 

400 + 

130 05 

400. + 


those secured with the juice from each type of plant studied are 
reported. 

Several tests were made with juice from different parts of the 
soybean plant and with different organisms. In general, the 
growth-inhibiting substances were most potent in the juice from 
the roots, nearly as strong in that from the leaves and somewhat 
weaker in that from the stems. 

The soybean organisms grew slowly in both the heated and 
unheated juice. In this respect the soybean and the closely 
related cowpea organisms differed from most of the other bacteria 
studied. With the exception of Pseudomonas pyocyanea, the 
other species tested were strongly inhibited by the unheated juice. 
The bactericidal effect of the unheated juice was particularly 
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noticeable with Achrotnobader radiobacter. Often a definite 
growth was noted with this organism for a few hours, followed 
by an agglutination or a precipitation of many of the cells. In 
many instances after 24 to 48 hours no cells could be seen with 
the microscope. Apparently agglutination was often followed 
by a breakdown of the cells. The destruction of the organisms 
was not complete, however, for after 5 or 6 days a good growth 
would appear in most of the tubes. Similar effects were noted 
with alfalfa and red clover bacteria, but to a somewhat lesser 
degree. 

The results with juices from alfalfa and garden pea plants were 
similar to those obtained with the juice of soybeans. In both 
cases the nodule bacteria grew as well (or better) in the unheated 
as in the heated juice of the host plants. As before, it was found 
that organisms closely related to the nodule bacteria were bene- 
fited by the heating of the juice. 

The results with navy beans differed from those of the previous 
experiments in that the unheated juice from the plant roots was 
bactericidal to R. phaseoli. No definite growth of this organism 
was observed in the unhcated juice from the tops, but in one in- 
stance growth was observed in unheated juice from young plants, 
A. radiobacter made a good initial growth in heated juice from the 
tops, as shown in table 1, but was later partially agglutinated and 
a lower count was recorded after 48 hours. Other organisms 
reacted in a similar manner with juices of other leguminous plants. 

The results with P. pyocyanea were different from those secured 
with other organisms. In no instance was inhibition of the 
growth of this species noted. A few tests with Flavobacterium 
smweoUns indicated that this organism is also able to make good 
growth in both heated and unheated juices. In most cases Bacil- 
lus subiilis did not seem well adapted to gi’owth in these media. 
It was noted, however, that in general with this organism there 
was a much thicker pellicle formed on the heated juices than on 
the unheated. Furthermore, these juices did not seem conducive 
to the formation of chains, the cells usually occurring singly or 
in pairs. 

The juices from 2 non-leguminous plants were also studied. In 
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the case of corn the low acidity of the juice was at least an impor- 
tant factor in preventing any appreciable growth of the or- 
ganisms. It was noted, however, that in the unheated juice 
there was a definite decrease in the number of organisms. In the 
heated juice the decrease was not appreciable, and in the case of 
R. japonicum a slight increase in numbers was noted. 

In the juice from wheat there was a favorable reaction upon the 
growth of the organisms being studied. In this instance the soy- 
bean organism and P. pyocyanea grew better in the unheated 
juice than in the heated. The other bacteria encountered a defi- 
nite toxicity in the unheated juice. B. radiobcwter made no 
growth in either instance. 

Respiraiion studies 

The oxygen utilization of some species of the nodule bacteria 
was studied in juices from certain leguminous plants. The study 
was conducted in Warburg manometers employing a technique 
similar to that of previous investigations (Thorne and Walker, 
1936). One cubic centimeter of the sterile juices or medium was 
placed in each manometer ve&sel and diluted witli 1 cc. of a 
suspension of organisms. The organisms were obtained from 
cultures which had grown about 48 hours in the medium given 
above. The cells were washed twice and suspended in a phos- 
phate-buffered solution such that a concentration of about 10 
billion organisms per cubic centimeter was usually obtained. 

The results with the juices of alfalfa and soybean plants showed 
similar trends. The data from a representative experiment in 
which R. japonicum and 72. melUoti were studied in juice from 
soybeans are shown in figure 1. The medium A employed as a 
comparison with the plant juices contained the mineral salts 
listed previously. To this was added 1 per cent of sucrose c.p. 
and 100 p.p.m. of nitrogen as KNOa. 

In figure 1 the logarithms of the oxygen consumed per one-half- 
hour intervals are shown plotted against time. The curves indi- 
cate that in all cases the rate of increase of oxygen utilization was 
approximately logarithmic for definite periods. In the case of 
72. meliloti this period was longer in the heated juice than in the 
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unheated, while with R. japonicum the logarithmic increase con- 
tinued for a greater time in the unheated juice. In both instances 
the rate of oxygen consumption was greater in the heated juice 



Fig, 1. The Rate of Respiration of Rhxzohium mehloii and Rhizobium 
japonicum in Juice Expressed from Soybean Plants 

than in the unheated. The soybean organism, however, was 
benefited to a greater extent by the heating of the juice than was 
the alfalfa organism. These results are somewhat different from 
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those obtained in the study of the growth of these bacteria, al- 
though the data are not entirely comparable. The difference 
between the results of the growth and respiration studies may be 
due to the dilution of the juice, the much greater number of 
organisms in the inoculum, and the shorter duration of the experi- 
ments in the respiration studies. 

There was a large increase in the rate of respiration in the 
juices studied over that in medium A. The rate of respiration of 
these organisms in soybean juice diluted with an equal volume 
of medium before placing in the manometer vessels was closely 
similar to that given in figure 1 for the juices diluted only with 
the suspension of organisms. 

CHARACTERISTICS OP THE GROWTH-INHIBITING PRINCIPLE 

In view of the decided bactericidal effect of the unheated juices 
of leguminous plants toward A. radiohacter, a further study was 
made to characterize some of the properties of the toxic principle. 
Juice from soybean plants of 3 to 4 weeks of age was employed. 
Treatments of the plants previous to expressing the juice, with 
the exception of heating, had no noticeable effect on the agglu- 
tinating or bactericidal properties. The treatments studied 
included freezing, grinding, mincing and heating in streaming 
steam for 5 minutes. Plants given the latter treatment yielded 
a juice affecting the organisms in a manner similar to that of the 
heated juice. 

It was found that heating the juice for 10 minutes destroyed 
the bactericidal property at 65°C., and partly destroyed it at 
60®C. The principle was only partially destroyed, however, at 
53°C., which was the point at which the albumins present coagu- 
lated. The nitrogen content of the material precipitated during 
the heating amounted to about 28 per cent of the total. 

The potency of the factor also decreased with time. After 
10 hours at ^“C. some decrease in strength could be noted. 
After 24 hours only slight inhibition was observed. The factor 
was adsorbed by 10 ^ams of bone charcoal or norite from 75 cc. 
of juice, but was only partially removed by a moderate treatment 
with 2 grams of charcoal per 60 cc. of juice. Filtration throuj^ 
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N Berkefeld filter candles or Lt Chamberland-Pasteur filters did 
not seem to remove any appreciable amount of the principle. It 
was precipitated by neutral lead acetate, but only partially re- 
moved by precipitation with barium acetate. Attempts to pre- 
cipitate it with ammonium sulfate were inconclusive since the 
high concentrations of this salt remaining within the juice also 
agglutinated the organisms. 

These results seem to indicate that the factor is closely asso- 
ciated with the protein fraction of the plant juices. It also seems 
to be closely related to the principle noted in the juice from cab- 
bage and turnip plants by Sherman and Hodge (1936). The 
factor in the juices from leguminous plants, however, passed 
through filters which would not permit the passage of the prin- 
ciple studied by Sherman and Hodge. Furthermore, the agglu- 
tinating effect in the juices from legumes did not seem to be 
any greater in the clarified juice than in that passed through 
filter candles. 


DISCUSSION 

The following points seem to indicate that the growth-inhibit- 
ing substance in the juices studied was different from the anti- 
bodies noted by Cappelletti: (1) The principle was, with the 
exception of Phaseolus, not effective against the specific organism 
infecting the plant. (2) The principle was not specific for any 
one organism. (3) It was not localized in the root nodules. 
(4) The plants, in most cases, were used before the flowering 
stage when the antibodies are reported to make their first appear- 
ance. Furthermore, the nodules on the plants employed were in 
all cases the result of chance inoculation and usually were not 
numerous. 

The growth-inhibiting principle studied is probably different 
from the factor encountered by Allison (1927) and Itano and 
Matsuura (1936) in extracts of leguminous and non-leguminous 
plants since in the present case it was destroyed by heat. In 
the legume extracts the growth-inhibiting property seemed to be 
a function of concentration and was not destroyed by heat. 

The factor may be related to a principle foimd in extracts of 
legume seeds and plant materials. The studies of Wilenko (1910), 
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Raubitschek and Wilenko (1910), and Baldwin, Fred and Hast- 
ings (1927) indicate that the agglutinin and precipitin properties 
of such extracts are due to phytoalbumins which may form pre- 
cipitates with certain bacterial and animal cells, or extracts of 
these cells. It does not seem probable that such a protein antago- 
nism could account for all of the bactericidal effects noted since 
in some instances there was inhibition of growth or decrease 
in bacterial numbers when no agglutination or precipitation 
occurred. 

Glaser and Prinz (1926) have shown that common enzyme 
systems, such as oxidases, may possess definite bactericidal prop- 
erties. Since unheated plant juices are rich in such enzjrme sys- 
tems it is not improbable that they may play an important r61e 
in some of the effects noted. Little is known of the influence of 
such systems on the organisms studied and hence no conclusion 
is possible. 

It seems that a study of expressed juices of legume plants may 
help to clarify the problem of legume-bacteria symbiosis. The 
data reported indicate that while root-nodule bacteria do not 
make rapid growth in juice freshly expressed from their host 
plants, they are much less adversely affected by it than are other 
closely related organisms. This seem% true with bacteria as 
closely related as R. melUoti and B. trifolii. It is quite probable 
that this effect plays an important r61e in cross inoculation. 

The results with R. phaseoli and the juice expressed from beans 
are somewhat at variance with the above conclusions. The work 
of Cappelletti (1926) showing that the bean plant does not react 
like most legumes towards the related organism is suggestive of a 
difference in host-plant bacterial relationships in this instance. 
Several other workers (Fred, Baldwin and McCoy, 1932) have 
also observed that this association seems different from that of 
other leguminous plants. This difference in relationship is in 
harmony with the results of these experiments. 

SUMMARY 

1. The growth and respiration of several species of bacteria 
have been studied in juices expressed from different types of 
plants in a study of the problem of legume symbiosis. 



GROWTH AND RESPIRATION OP SOME SOIL BACTERIA 579 


2. Most of the legume bacteria studied were able to grow in 
freshly expressed juices of their host plants, but such juices were 
bactericidal to other species of root-nodule bacteria and closely 
related organisms. 

3. The cowpea bacteria grew as well as Rkizohium japonicum 
in the juice or soybeans. 

4. The juice of navy bean plants was bactericidal to Rhizdbium 
phaseoli in some instances. The relationships in this association 
are probably different from those in other cross inoculation 
groups. 

5. The juices studied were in no instance bactericidal to Pseu- 
domonas pyocyanea. 

6. The bactericidal effects noted varied from inhibition of 
growth to agglutination and precipitation and probably a break- 
down of the cells. 

7. The bactericidal properties of the juices seem to be asso- 
ciated with the protein fraction. 
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BACTERIAL SUSPENSIONS 
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The authors have developed an inexpensive apparatus for 
measuring relative tmbidities in convenient numerical units which 
requires no special skill for its operation. Its construction is 
illustrated in figure 1. It is essentially a black box 2.5 x 3.5 x 10 
inches in size. In one end is mounted a Weston Photronic cell 
connected to a microammeter. In the other end of the box are 
four baffles extending from the sides toward the center and pressing 
firmly against a test tube which is admitted through a hole in 
the top. The edges of the baffles nearest the test tube have 
black velvet glued over them so as to make a light-tight seal 
against the glass. An intense beam of light from a projection 
lantern enters the box from one side to illuminate the test tube 
containing the suspension. Part of the light scattered at right 
angles to the beam from the lantern illuminates the Photronic 
cell and a definite reading appears on the microammeter. With 
this arrangement a tube of bubble-free distilled water will scatter 
almost no light so that the reading of the microammeter is prac- 
tically zero, while, if the tube contains a cloudy suspension the 
reading will be higher. 

The use of the apparatus is illustrated by the curves shown in 
figure 2. Curve A shows the way the microammeter reading for a 
broth culture of Staphylococcus aureus increased during incuba- 
tion at 37°C. To obtain the readings the tube was removed from 
the incubator at intervals, shaken, inserted in the apparatus, and 
the microammeter reading taken. Curve B shows the results 
for a similar suspension to which an antiseptic was added at the 
time indicated by the arrow. Curve C also shows a similar 
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Fig. 2. Rbadimo or thb Microammxtbb fob a Bboth CnurcBB or 
SlAPHTLOCOCCOB AOBBT7S DOBING INCTTBATION AT 37*C. 

Curve A, normal culture; curve B, culture to which an antiseptic had been 
added at the time indicated by the arrow; curve C, culture to which an homologous 
bacteriophage had been added at the time indicated by the arrow. 


suspension to which an homologous bacteriophage was added at 
the time shown by the arrow. The curves clearly show that when 
the growth proceeds uninterruptedly the readings are progres- 
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sively higher. When the growth is stopped by the antiseptic 
the turbidity immediately becomes constant, while after the 
addition of the bacteriophage the turbidity increases for an inter- 
val and then decreases during the clearing period to the original 
value. 

One may use tubes containing standard suspensions of Fuller’s 
earth to calibrate this apparatus and change the scale of the 
microammeter so that it will read the turbidity directly accord- 
ing to Fuller’s scale. 




THE RELATION OF PEPTONE TO PRODUCTION OF 
HAEMOLYSIN BY STREPTOCOCCI^ 
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Any attempt at quantitative estimation of streptococcal 
haemolysin must take into account a number of difficulties 
attending such a determination. In the first place this haemo- 
Ijdic activity is not due to a single substance. Todd (1932, 1934) 
showed that under certain conditions even Group A streptococci 
produce an oxygen-stable non-antigenic haemolysin, as well 
as the oxygen-labile, antigenic lysin. Furthermore, while the 
haemolysin developed in serum broth is antigenic, the antiserum 
will neutralise only Todd's oxygen-labile lysin, and not the 
homologous antigen (Todd, 1933). It is not known whether 
this is due to the presence of two lytic factors when the strepto- 
cocci are grown in the presence of serum. There are thus two, 
possibly three, haemolytic substances to consider. 

One of these substances appears in broth filtrates wholly or 
partly in the oxidised state, and is only haemolytic after reduction 
(Neill and Mallory, 1926; Todd, 1932). Hodge and Swift (1933) 
demonstrated the importance of allowing sufficient time to elapse 
for complete reduction of the oxidised haemolysin before carrying 
out the titration. 

Variable and unpredictable loss during the process of filtration 
adds a third difficulty to attempts to titrate the exact yield of 
haemolysin. The fact that cultures grown in the presence of 
serum yield a much more easily filterable lysin than do those 
grown without serum merely combines two of these factors 
which are difficult to control. 

* This work was aided by a grant from the Banting Research Foundation, 
Toronto, Ont. 
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The foregoing considerations deal with that fraction of strepto- 
coccal haemolysin which escapes from the organisms into the 
cultvire fluid. The conditions which determine this escape are 
difficult to control and imperfectly understood. Todd himself 
commented on the irregularity with which different batches of 
his original yeast-extract broth would produce filterable lysin, 
although no reason could be assigned for the variability. The 
experience of the author with the medium described later by 
Todd and Hewitt (1932) has been that storage in the ice-box 
induces the formation of a crystalline deposit, after which it will 
not produce filterable haemolysin, even though the whole culture 
is actively haemolytic. The crystals appear to be chiefly com- 
posed of triple phosphate, as one might expect in a meat influsion 
reinforced with sodium phosphate and adjusted to pH 8.0. 
There is, however, an organic component which repeated washing 
of the crystals in water fails to remove. Elimination of excess 
phosphate in preparing this broth does not so completely prevent 
the formation of filterable lysin, as does this slow crystallisation. 
Failure of the haemolysin to dissociate from the streptococci may 
be due to loss of an essential organic substance in this crystalline 
complex. The existence of such “solvent” action on haemolysin 
was demonstrated in serum by Weld (1934, 1936). 

It seems clear that estimation of the total amount of haemol- 
ysin formed must take into account both the filterable and non- 
filterable fractions. 

As the experiments described in this and the succeeding paper 
progressed, it became increasingly clear that in such infusion 
broth the haemolysin remained intimately associated with the 
streptococci, even though the superficial nature of the property 
was attested by the prompt liberation of the haemolysin on 
shaking the washed organisms with serum for two minutes. 
No evidence was found of the escape of any haemolysin into the 
medium. With no differentiation in location of the haemolysin, 
and therefore in its availability for erythrocytes, it is much less 
probable that such variables as the ratio of filterable to non- 
ffiterable lysin, the species of erythrocyte selected, and the time 
of incubation of the test, will influence the final determination. 
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It was considered justifiable, therefore, to estimate the total 
amount of haemolysin formed, by titration of the whole culture. 
It is vital to the method to establish the fact that haemolysis by 
living culture diluted in saline and incubated with erythrocytes 
for one hour at 37°C. is not a manifestation of continued cell 
division or of metabolic activity per se. Actual colony counts 
were carried out on the erythrocyte-culture mixtures before and 
after incubation. Poured plate cultures in standard laboratory 
agar were made with dilutions of the mixture in saline. The 
plates were incubated for two days aerobically. The number of 
<^olonies after incubation of the erythrocyte mixture was never 
increased, and usually showed a definite reduction. The signifi- 
cance of this reduction will be made clear in a subsequent com- 
munication. Ordinarily bacterial haemolysin titrations are 
not carried out with strict aseptic technique. In a typical 
experiment where asepsis was observed to avoid errors in colony 
counts, five individual plate counts made from one reacting tube 
before and after incubation of the lysin titration were : 

Before 56 58 61 54 46 Average 55 

After 51 40 49 38 42 Average 44 

The dilutions of culture were made with Kimble Exax pipettes. 
Successive shakings of the erythrocyte-culture mixture could 
only tend, by rupture of the streptococcal chains, to increase 
the colony count. Smears of the reacting mixture do not suggest 
that failure to demonstrate an increased colony count is due to 
agglutination or adsorption of the streptococci by the erythro- 
c3dies. In the reacting mixture from which the above counts 
were made the ratio viable streptococci/erythrocytes was ap- 
proximately 100/1, and any such adsorption should have been 
easily visible. 

It must be concluded, therefore, that haemolysis by living 
streptococci during a one-hour period at 37®C. is not due to 
continued multiplication of the cocci. Moreover, if dilutions of 
the same 16-hour culture are made in saline and in the broth 
devised for optimal lysin production, incubation with erythro- 
cytes always shows a higher titre of haemolysin in the tubes 
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diluted with saline. This is partly referable to the fact that 
streptococci transplanted to a medium optimal for their multi- 
plication do not show haemolytic activity for a period of at 
least two hours. It is probable, too, that the diluent influences 
the ease of transfer of the haemolysin from the bacterial cell to 
the erythrocytes. 

Additional support for the contention that whole culture 
titrations afford a measure of the amount of haemolysin actually 
present in or on the bacterial cells at any given time is forth- 
coming from the observations of Mudd et al. (1937). These 
workers have produced evidence that the oxygen-labile haemo- 
lysin studied by Neill and Mallory, and Todd, is part of the 
labile surface antigen complex which contains in addition Lance- 
field’s M and C substances. 

The validity of whole-culture titration really turns on the 
ease and constancy with which formed streptolysin is transferred 
from the bacterial cells to the erythrocytes contacting them. 
If the theory is substantiated that liberation of the haemolysin 
from the streptococci into medium, serum, or erythrocyte sus- 
pension depends on the lipoids of these extracting agents, one 
of the chief difficulties in accepting whole-culture titration 
will disappear. 

With these reservations in mind, in the experiments here 
recorded serial dilutions of whole culture in saline were tested 
for their capacity to lyse rabbit erythrocytes. No insistence is 
placed on the precise relationship of the haemolysin so titrated 
to the lytic principles reviewed above, although it seems probable 
that incubation at 37°C. ensures the elimination from considera- 
tion of Todd’s oxygen-stable haemolysin. 

It may reasonably be maintained that a proportion of the 
haemolysin still attached to the bacterial cell may be in the 
oxidised, inactive state, and so escape demonstration. It was 
never possible, however, to increase the lytic activity of a culture 
by reduction with sodium hydrosulphite. The protective action 
of serum against oxidation of the haemolysin raises the possibility 
that similar protection is afforded by the bacterial cell proteins. 
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METHODS 

'rhe basic meat infusion was prepared from fresh beef heart, 
minced and infused in distilled water for two hours at a tem- 
perature of 75 ° to 80°C. Murray and Ayrton (1924) showed 
that extracts made between these temperatures were richer 
in coagulable proteins and contained accessory growth factors 
which were not liberated from the meat above or below these 
temperatures. 

Other materials were added to the infusion in the required 
concentration. The coagulable proteins were removed by heat- 
ing at pH 7.0 in a water bath. Determinations of pH were made 
colorimetrically. Frequently a second pH adjustment and 
heating were necessary to obtain a medium that was still clear 
after sterilisation. There was no marked or constant difference 
between centrifuging down these deposits and filtering them off 
through Whatman No. 2 paper. Prior to filtering the broth 
the filter paper was well washed with warm distilled water to 
remove the considerable amount of soluble salts contained in 
it, even though no deleterious effects were noted in the absence 
of such washing. Sterilisation was effected by autoclaving for 
twenty minutes at 120°C. Filtration through Seitz or Pasteur- 
Chamberland filters gave no markedly better results, even 
though the heat coagulation of the meat infusion proteins was 
thereby rendered unnecessary. 

Lyall observed in 1914 that 2 per cent of peptone was more 
favorable than 1 per cent for haemolysin formation, and the 
early experiments in this series were suggestive of the extreme 
importance of peptone, both in obtaining maxiumum growth, 
and in the development of haemolysin. Neopeptone (Difco) 
proved to yield much larger growths and a more potent haemo- 
lysin than other commercial peptones or a tryptic digest of heart 
muscle prepared in the laboratory, and has been used throughout 
these experiments, except where otherwise stated. The other 
components of the finished broth were used on the basis of 
experiments described in a second paper. 

Throughout the tests recorded in this paper the media were 
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inoculated with Streptococcus pyogenes, strain 206, isolated from 
a fatal case of septicaemia. Other strains tested routinely for 
haemolytic activity gave concordant results. Cultures were 
incubated for sixteen hours aerobically and to dilutions of whole 
culture in saline, in volumes of 1.0 cc., was added 0.5 cc. of a 5 
per cent suspension of rabbit erythrocytes. Tests were incubated 
one hour in a water bath at This incubation period did 

not permit lysis through multiplication of the organisms during 
the test. Degrees of haemolysis were recorded as: 4 (complete), 
3 (75 per cent), 2 (50 per cent), 1 (25 per cent), tr (trace). 

THE CONCENTRATION OF PEPTONE 

Batches of broth containing the concentrations of Neopeptone 
shown in table 1 were adjusted to pH 7.0; 0.2 per cent NaCl, 


TABLE 1 


PfiPTONB 




CUBIC CBNTtMBTBBB CULTCBX 




OBOWTB 

oPAarr of 

CULTURB 

1/2 

1/i 

1/8 

1/16 

1/82 

1/64 

1/128 

1/286 

1/512 

1/1024 

1/2048 

per cent 

0 

tr. 

0 

0 

0 

0 

■ 

0 

0 

0 

0 

0 

0 

+ 

4 

4 

3 

2 

1 

tr. 

0 

0 

0 

0 

0 

0 


6 

4 

4 

4 

3 

2 

tr. 

0 

0 

0 

0 

0 

++++ 

8 

4 

4 

4 

4 

4 

3 

2 

1 

tr. 

0 

0 

++++ 

10 

4 

4 

4 

4 

4 

4 

3 

2 

1 

tr. 

tr. 

+++ 

12 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

tr. 

++ 

15 

4 

4 

4 

4 

4 

4 

3 

2 

1 

tr. 

0 

+ 

20 

4 

4 

4 

4 

4 

3 

2 

1 

1 

0 

0 

0 

± 


0.2 per cent NaHCOs, 0.25 per cent glucose were added prior to 
sterilisation. Five cubic centimetre quantities were inoculated 
with strain 206. Table 1 gives the haemolysin titres at the end 
of sixteen hours growth at 37°C. 

Contrary to the findings of Cook (1921), there is no correlation 
between the rate of multiplication of the organisms and their 
haemolytic activity. The lysin content of the culture in 20 per 
cent peptone broth is remarkable considering the paucity of 
growth. Needless to say, the inability of uninoculated medium 
to lyse erythrocytes was proved by controls. 

This optimal concentration of peptone is a constant finding , 
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and the optimum varies with the batch of peptone. The quality 
of the individual lot of peptone varies very considerably. To 
represent graphically the relation of haemolysin to peptone 



Fio. 1 

content of the medium, the titre of lysin was considered to be 
the volume of culture causing 50 per cent haemolysis of the 
standard amount of erythrocyte suspension. Tests of five 
batches of Neopeptone are shown in figure 1. 
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The most probable explanation of the inhibitory action of 
hi^ peptone concentration seemed to be the increasing activity 
of substances present in the digest in amounts too small to be 
effective in the lower concentrations. Batch 30694 showed the 
phenomenon most markedly and was examined further. 

An aqueous solution of 30694 was dialized against distilled 


TABLE 2 
Dialisate 


“FapTONa" 



CUBIC CBNTXMBTBB8 CULTURB 




FRACTION 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 


per cent 

0 

tr. 

0 

0 

0 

0 

0 

0 

•f 

4 

1 

1 

1 

tr. 

0 

0 

0 

+++ 

8 

4 

4 

3 

2 

tr. 

0 

0 

+++ 

10 

3 

2 

1 

0 

0 

0 

0 

++ 

12 

0 

0 


0 

0 

0 

0 

tr. 

20 

0 

0 


0 

0 

0 

0 

0 


Residue 


“pbptonb" 



CUBIC CBNTXUBTBRS CULTURB 



GROWTH 

FRACTION 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

1/256 

1/612 

per cent 

0 

tr. 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

4 

4 

4 

4 

4 

2 

tr. 

0 

0 

0 

+++ 

8 

4 

4 

4 

4 

4 

4 

2 

tr. 

0 

++++ 

10 

4 

4 

4 

4 

4 

4 

2 

tr. 

0 

++++ 

12 

4 

4 

4 

4 

4 

4 

2 

tr. 

0 

+++ 

20 

4 

4 

4 

4 

4 

3 

1 

tr. 

0 

++ 


The relationship between these two fractions and the original peptone in so far 
as ability to produce streptolysin is concerned is brought out more clearly in 
figure 2. 


water throu^ cellophane for eighteen hours, and the dialisate 
and residue were evaporated to dryness on a steam bath. The 
dialisate was yellow in colour, the non-dialisable portion a dark 
olive-green and the two portions weighed respectively 10.03 
and 22.75 grammes. Difco’s analysis of Neopeptone shows that 
material approximately twenty times the weight of free amino 
acid passed through the cellophane. When these two fractions 
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were assayed for their ability to promote growth and haemolysin 
formation (table 2 and fig. 2), it was clear that Neopeptone is 
separable by dialysis into two portions with very dissimilar 
properties, and that the inhibitory factor is contained in that 
portion diffusing most easily through cellophane. 

A second dialysis of an aqueous solution of the first dialisate 
yielded 1.5 grammes of a yellowish resinous substance which on 



t PEPTONE 

Fia. 2 


TABLE 3 


**PKPTONS*' (2nd DIALUATK) 

QROWTB 

BASMOLTSIN 

per cent 

0 

+ 

tr. 

2 

++ 

0 

5 

+++ 

0 

10 

A: 

0 

15 

0 

0 


assay as “peptone” in infusion broth yielded the result shown 
in table 3. Cultivation of an identical set of tubes anaerobically 
gave identical restilts. 

Extraction of this resinous material with butyl alcohol on a 
boiling water-bath left a dry white powder (fraction 1). The 
butyl alcohol solution evaporated to dryness on a water-bath, 
yielded a white crystalline deposit (fraction 2) in the bottom of 
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the evaporating dish, and a ring of amber-coloured resinous 
material (fraction 3) separated on the sides of the dish much as 
good wine “tears” in a wine-glass. The separation of fractions 
2 and 3 was incomplete. Fraction 1 when added to meat infusion 
functioned as peptone in the sense that it promoted growth of 
the streptococci, but the resultant culture was practically devoid 


TABLE 4 


rRACTlON 1 



CUBIC CXMTm BTXB8 CULTUBX 



QXOWTX 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

per cent 

10 1 

0 

0 

0 

0 

0 

0 

0 


5 

4 

4 

3 

2 

0 

0 

0 

+++ 

2 

0 

0 

0 

0 

0 

0 

0 

+++ 

1 

0 

0 

0 

0 

0 

0 

0 

+++ 

0.5 

0 

0 

0 

0 

0 

0 

0 

+++ 


TABLE 5 


rXACTlON 2 

CUBIC CXNTXMBTXBS CULTUBX 

QBOWTH 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

per cent 









1 

4 

4 

4 

2 

tr. 

0 

0 


0.6 

4 

4 

4 

4 

2 

tr. 

0 

+++ 

0.26 

4 

4 

4 

4 

2 

tr. 

0 

+++ 

0 

4 

4 

4 

4 

2 

tr. 

0 

+++ 

rxAcnoN 8 









2 

0 


0 

0 

0 

0 

! 0 

± 

1 

4 


MM 

1 

0 

0 

0 

++ 

0.6 

4 


Bfl 

4 

2 

tr. 

0 

+++ 

0.26 

4 


■■ 

4 

2 

tr. 

0 

+++ 

0 

4 


Bfl 

4 

2 

tr. 

0 

+++ 


of haemol 3 d;ic activity. Such lysin as was formed is almost 
certainly referable to incomplete separation of the components 
of the original Neopeptone, and the same reason adequately 
explains the failure of growth at a concentration of 10 per cent 
(table 4). 

Fractions 2 and 3 did not permit growth when added to meat 
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infusion. They were therefore assayed by addition in varying 
concentration to 4 per cent Neopeptone broth from which the 
inhibitory substances had been removed by dialysis (see Residue, 
table 2). The yield of haemolysin is shown in table 5. 

EFFECT OF SERUM 

The influence of normal serum on the inhibitory factor was 
tested by adding 20 per cent of sterile inactivated horse serum 
to an infusion broth containing 10 per cent of the first dialysate 
of the original peptone (see table 2). A control with normal 
saline in place of serum was employed. The resultant cultures 
titrated for haemolysin are recorded in table 6. 


TABLE 6 





CUBIC CBMTXIISTBBB CUtTUBB 




1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

1/266 

1/612 

1/1064 

Serum broth 

4 

4 

4 

4 

4 

H 

H 



0 

No serum 

3 

2 

i 1 

tr. 

0 

0 

0 



0 


+++ 

++± 


DISCUSSION 

Studies like those of Hucker and Carpenter (1927) emphasise 
the difficulty of achieving protein digests with uniform bio- 
logical properties, and the fallacy of judging these products on 
the basis of such factors as the amino-nitrogen content. These 
workers found that as meat undergoes tryptic digestion the 
minimum quantity of the digest which will, when added to saline, 
determine the multiplication of bacteria, increases rapidly during 
the first few hours of digestion and later decreases again. The 
value of a digest is not related to its amino-nitrogen content. 
Considering the probability of some degree of variation in con- 
stitution from batch to batch, the general adherence to an 
arbitrary concentration of 1 or 2 per cent of peptone in culture 
media is a singular fact. Admittedly most media empirically 
constructed yield in some measure the desired result, but the 
f ulfilm ent of special requirements, whether they be certainty of 
survival of inoculated bacteria or the manifestation of a partic- 
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ular physiological character, can be materially aided by correct 
usage of peptone, which is still the most general source of nitrogen 
for bacteriological purposes. 

Extreme concentrations of peptone, whether low or high, 
predispose to dissociation (Braun and Schaeffer, 1919; Feiler, 
1920; de Kruif, 1922). It is a reasonable assumption that 
between these extremes must lie an optimum at which such 
digests favour what may be conservatively called the more 
normal physiological functions, and different functions need not 
necessarily correspond to the same optimum. Murray and 
Ayrton (1924) observed that the concentration of a tryptic 
digest of heart muscle was related in this way to the quantity and 
virulence of meningococcus growth, and experiments proceeding 
in this laboratory on the selective cultivation of LactobadUus 
add weight to the suggestion that the phenomenon has general 
applicability. As far as haemolytic streptococci are concerned, 
when untreated peptone is used, the choice of variety and con- 
centration are questions of paramount importance. 

Haemolysin formation is not an inevitable accompaniment of 
streptococcal growth, and even with unfractionated peptone 
the optimum concentrations for multiplication and lysin are not 
identical. Manifestly the crude mixture represented by com- 
mercial peptone contains substances which separately satisfy 
the nutritional requirements of haemolytic streptococci in so far 
as multiplication and formation of haemolysin are concerned. 
Walbum (1909) regarded peptone as containing an '‘activator” 
for a "prolysin” secreted by the organisms. Such a complex 
s3rBtem was not required to explain the experimental data, but 
it did serve to emphasise an early appreciation of the relation 
between protein digests and bacteriid haemotoxins. The com- 
ponents of mide peptone which are essential for haemolysin are 
to be foimd in the larger molecules which do not diffuse readily 
through cellophane, whereas the fraction of smaller molecular 
wei^t, possibly peptone in the chemical sense, will promote 
growth but not lysin. In testing a number of strains of strepto- 
cocci, there appeared to be a rou|^ correlation between the 
proteolytic activity of any one strain, and its ability to produce 
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haemolysin. It is conceivable that the proteolytic enzymes 
possessed in a varying degree by most Group A haemolytic 
streptococci may furnish, in nascent form, more readily as- 
similable products from those fractions of peptone of larger 
molecular size. Pending more complete chemical separation of 
the constituents of Neopeptone, the attempt was made to support 
this hypothesis by using Bactoprotone, which contains more 
than three times as much proteose as Neopeptone and only one 
fourth the amount of peptone. The haemolysin 3deld was 
markedly reduced. One could agree with O’Meara and Mac- 
Sween (1936) that a knowledge of the sources and methods of 
preparation of these commercial digests would help in the under- 
standing of the differences they exhibit. This question of the 
particular fraction of peptone from which haemolysin is elabo- 
rated involves the identity or otherwise of the several lytic 
agents described. It is not proposed in this place to enter into 
discussion on this point, but it is pertinent to point out that 
exhaustion of the Neopeptone broth herein described by growth 
in it of a Group C haemolytic streptococcus leaves the medium 
still able to produce haemolysin by a Group A streptococcus. 
Group A organisms will exhaust the medium for both Group A 
and Group C streptococci, and all Group A organisms are ap- 
parently identical in this respect. This argues in favour of 
separate lysin precursors for at least two groups of haemolytic 
streptococci. 

As distinct from the fractions which determine bacterial 
metabolism, commercial peptones contain inhibitory substances 
which become more evident the higher the concentration of the 
peptone. Several such substances have been identified, thou^ 
none of them will individually account for the inhibition. 

Dakin (1918) showed that butyl alcohol would effect the 
separation of the amino acids resulting from tryptic digestion 
of casein, and Whitehead (1924) found that the butyl alcohol 
soluble portion of such a digest was inferior to the insoluble 
fraction, inferring that amino acids exerted an unfavourable 
effect on the growth of streptococci. Gordon and McLeod 
(1926) added amino acids to nutrient broth, and found that 
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certaiH of them, particularly tryptophane and phenylalanine 
in 1 per cent concentration inhibited streptococcal growth. It 
seems clear that the amount of free amino acid in a commercial 
peptone is insufficient alone to explain the properties of finished 
peptone broth. 

The influence of serum in improving the growth of haemolytic 
streptococci has been attributed to neutralisation of this dele- 
terious action of amino acids. Yet not only is the amino-acid 
contend of infusion broth a mere fraction of that necessary for 
growth inhibition, but the addition of serum improves the 
medium considerable more than the total removal of all inhibitory 
substances, amino acids included. It would seem therefore that 
serum acts not only by neutralising the amino-acid effect, but 
because it adds something the organisms can utilise. This effect 
of serum is particularly emphasised if judgement is based, not on 
multiplication of cocci, but on the formation of haemolysin. 

Dubos (1930) in fractionating commercial peptones found that 
the interference with the growth of small inocula of pneumo- 
coccus was chiefly referable to a pigment, which appears from the 
description to be a lipochrome. This pigment was reversibly 
oxidisable and reducible and inhibited the pneumococcus only in 
the oxidised state. In the experiments here reported, a substance 
similar to the one described by Dubos remains in the undialysed 
non-inhibitory portion of the peptone, and the fraction which 
interferes with growth and haemolysin formation is not affected 
by reduction or cultivation under anaerobic conditions. 

Others again have attributed the inhibitory properties of 
peptone to traces of certain metals, particularly copper and iron 
(O’Meara and MacSween, 1936; Pappenheimer and Johnson, 
1936). The amounts of those elements in Neopeptone were not 
determined, so that their precise importance cannot be stated. 
The experiments of O’Meara and MacSween, however, on the 
elimination of copper from nutrient broth, suggest that one 
virtue of meat extract prepared at 75® to 80®C. resides in the 
high content of coagulable protein liberated from the meat. 
The heat coagulation of this protein, subsequent to the addition 
of peptone, provides the means of removing the inhibitory copper. 
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The above mentioned authors believe Wright’s method (1929, 
1933) of cooking the peptone with the meat results in a more 
satisfactory medium because the copper and iron are removed in 
the process. In this connection it is of interest that in this 
laboratory, where the extraction of meat is carried out routinely 
at 75° to 80°C., it has not been possible to duplicate Wright’s 
results, nor should it be possible if these explanations are correct. 
It does not seem likely that traces of metals can account for 
inhibition of streptolysin formation, since the fraction of Neo- 
peptone responsible for this effect is soluble in butyl alcohol. 
Nevertheless, these desiderata are justified in view of this rela- 
tively simple way of eliminating routinely one source of trouble 
from culture media. 

Complete chemical separation of the peptone fractions has 
not yet been carried out, but the evidence suggests that haemo- 
lysin is elaborated from the larger molecules present in protein 
fligests, and that amino acid complexes of smaller size cannot 
so be utilised even though they will serve to permit increase in 
numbers of the cocci. The smallest molecules, those which are 
inhibitory to bacterial life processes, consist of free amino acid, 
peptic anhydrides and possibly other substances occurring in 
commercial peptone, sometimes as a result of manufacture in 
metallic containers. Even without special purification, there 
is an optimum range over which these digests are most effective. 

SUMMARY AND CONCLUSIONS 

The formation of haemolysin by streptococci is closely related 
to the variety and concentration of peptone used in the medium. 
As the peptone concentration is increased the yield of haemolysin 
increases to a maximum and then decreases. The factors respon- 
sible for the inhibitory effect of high peptone concentration are 
discussed. Peptone fractions can be isolated which separately 
promote multiplication and haemolysin formation. 
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THE INFLUENCE OF VARIOUS SUBSTANCES AND 
CONDITIONS UPON STREPTOCOCCAL 
HAEMOLYSIN* 

FREDERICK SMITH 

Department of Bacteriology and Immunity ^ McGill University , Montreal, Quebec 

It has been shown that peptone is the most important single 
factor in producing high haemolytic activity in cultures of 
haemolytic streptococci. The purpose of this paper is to demon- 
strate that the nitrogen metabolism of haemolytic streptococci, 
at least insofar as haemotysin is one end product, is conditioned 
by a number of other factors, of which the presence of fermentable 
carbohydrate is most important. 

THE CABBOHYORATE FACTOR 

Studies of the influence of carbohydrates on protein metab- 
olism date from the observation of Hirschler (1886) that carbo- 
hydrate inhibits the formation of indol in culture media. Since 
that time it has become widely accepted that carbohydrates 
exert a “sparing action” on nitrogenous substances. Kendall 
and his collaborators in 1912 initiated a long series of papers on 
this point. They showed that, from proteins known to contain a 
carbohydrate fraction, many organisms (among them strepto- 
cocci) first form acid; and only subsequently may the protein 
itself be digested to reverse the reaction of the culture. Kendall 
and Walker (1915) concluded in the case of Proteus vulgaris that 
the effect was due to the suppression by glucose of protease 
formation. The evidence for or against nitrogen metabolism has 
not always been satisfactory. De Bord (1923) for instance, 
points out the fallacy of accepting diminished ammonia produc- 
tion as proof of diminished protein catabolism. In a study of the 

* This work was aided by a grant from the Banting Research Foundation, 
Toronto, Ont. 



604 


FBEDBBICK SMITH 


influence of carbohydrate on the nitrogen metabolism of a number 
of organisms he found the amino-nitrogen constantly increased 
and the ammonia constantly decreased by the addition of glucose 
to the medium. In one of the later papers in their series Kendall 
and Gebauer (1930) showed that Clostridium wehhii forms toxin 
best in a medium of glucose content less than 0.2 per cent whereas 
the histamine-like substance is formed optimally by the same 
organism in a glucose concentration greater than 2.0 per cent. 
In this instance one end product sustains and the other con- 
tradicts their general thesis that carbohydrate exerts a “sparing 
action” on nitrogen. 

It is generally held that glucose interferes with streptolysin 
formation either through “protein sparing” or because the acidity 
developed destroys what lysin is formed (Kuhn, 1912; Stevens 
and Koser, 1919; Cook et al., 1921). Lyall (1914) states that 
the interference by carbohydrates is inconstant. These differ- 
ences are probably referable to the particular media employed by 
the various workers. In the experiments to be described, fer- 
mentable carbohydrate is shown to be an essential component 
of the medium, without which streptolysin is poorly produced 
even if suitable nitrogenous foodstuff is available. 

METHODS 

To fresh beef heart infused for two hours at a temperature 
between 75 and 80°C., 8 per cent of Neopeptone (lot 283957) 
was added. The mixtm*e was adjusted to pH 7.1 heated ten 
minutes at 120‘*C. and filtered through No. 2 Whatman paper. 
Ingredients were added as required and the finished broth 
sterilised at 120®C. for twenty minutes. 

Media in 5-cc. volumes were inoculated with one drop of a 
sixteen-hour broth culture of haemolytic streptococcus strain 
206, incubated for sixteen hours aerobically, and the whole culture 
titrated against 0.5 cc. of a 5 per cent rabbit erythrocyte suspen- 
sion. Titrations were incubated at 37®C. for one hour, and 
recorded as in the previous paper. 

The beef infusion itself contains fermentable carbohydrate, 
which can be exhausted by a preliminary streptococcal growth. 
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The titrations in table 1 do not refer to such an exhausted me- 
dium. The haemolytic activity of these cultures is not governed 
by the amount or rate of growth. There is abundant growth in 
broth containing 1 per cent of glucose, but there is no haemo- 
lytic activity. 

It is true that glucose, if the pH of the culture falls low enough, 
is responsible for the acid destruction of the formed streptolysin, 
but there is no evidence of protein sparing, as will be seen later. 

Broth containing 0.5 per cent glucose jdelds haemolysin up to 
the tenth hour, but there is rapid destruction on further incuba- 
tion, once the pH has fallen below 6.0. If, after sixteen hours, 
the culture is neutralised to pH 7.1, haemolysin again appears 


TABLE 1 

Glucose concentration 


OLucosa 

CUBIC CBNTXlfKTKKS CULTURB 

FIKAL 

pH or 

cuiyruBB 

ADDXP 

1/2 

1/4 

1/8 

1/18 

1/32 

1/84 

1/128 

1/258 

1/512 

1/1024 

pm e«nl 












0 

4 

4 

4 

4 

3 

2 

tr. 

0 

0 

0 

7 0 

0.1 

4 

4 

4 

4 

4 

3 

2 

tr. 

0 

0 

6.9 

0.2 

4 

4 

4 

4 

4 

4 

3 

2 

1 

0 

6.8 

0.25 

4 

4 

4 

4 

4 

4 

3 

2 

1 

tr. 

6.7 

0.3 

4 

4 

4 

4 

4 

3 

2 

1 i 

0 

0 

6 4 

0.5 

3 

2 

1 

0 

0 

0 

0 

0 j 

0 

0 

5 7 

1.0 

0 

0 

0 

0 

1 « 

0 

0 

0 ’ 

0 

0 

5 2 


without significant acid formation during a further sixteen hour 
incubation. This secondary culture is even more haemolytic if 
neutralisation is complemented by the addition under sterile 
conditions of 0.2 per cent glucose. 

The importance of glucose in facilitating the metabolism of 
peptone is seen most clearly in media which can easily become 
exhausted of glucose during the comse of the experiment. A 
typical experiment is illustrated by figure 1. 

The medium contained 0.126 per cent glucose. The content of 
streptolysin at different times of incubation is represented by 
the unbroken line. The pH at no time fell below 6.8, a degree of 
acidity without effect on streptol 3 rsin. In fact, lysin is formed 
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maximally in broth at an initial pH of 6.8. After thirty hours 
of incubation, four identical cultures were treated respectively 
(1) by adjustment with sterile N.NaOH to pH 7.1; (2) untreated; 

(3) adjusted to pH 7.1 and 0.25 per cent sterile glucose added; 

(4) 0.25 per cent sterile glucose added. The cultures were tested 
for lysin after incubation for a finther fourteen hours. 

When the pH of the culture is more alkaline than 6.0, as in 
this case, neutralisation with sterile NaOH rather depresses 



Fio. 1. ; •• streptolysin content if the culture is neutralised to pH 7.1 

after incubation for 16 hours and % hours respectively. Curves 1,Z,3 ana 4 rep* 
resent the effect on the lysin of adjusting the culture after 30 hours in the manner 
described. The pH’s express the reaction at the points to which they are ap- 
pended. 


streptolysin, the salt content reaching an unfavorably high level. 
The addition of glucose, however, with or without neutralisation, 
fully restores the lytic activity of the culture, even though the 
final pH falls as low as 6.0. It is evident that broth exhausted 
of fermentable carbohydrate still contains, by virtue of unused 
peptone, the potentiality for streptolysin formation provided 
that glucose be added. The acidity resulting from too much 
glucose will destroy streptolysin if the pH remains below 6.0, 
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but neutralisation of the acid, in the absence of fermentable 
carbohydrate, is in itself insufficient to restore lysin formation by 
the still viable organisms. In this relation the attempt to 
provide extra buffering by sodium bicarbonate up to 0.5 per cent 
was without influence. 

The optimum concentration of glucose varies directly as the 
concentration of peptone. For most batches of Neopeptone 
these concentrations are 0.25 per cent and 8 to 10 p)er cent 
respectively. 

PROTEIN SPARING 

A batch of 8 per cent Neopeptone broth was finished in three 
portions, to contain respectively 0, 0.125, and 0.25 per cent of 
glucose. A series of flasks containing 15 cc. were inoculated with 
Streptococcus pyogenes 206 and incubated aerobically. At inter- 
vals flasks were withdrawn for the determination of amino- 
nitrogen, ammonia-nitrogen, pH, colony counts in agar and 
haemolysin, the first three on centrifuged culture supernatant. 
The amino-N was determined by Folin’s method (1922) and 
the ammonia-N by Folin’s aeration method (1912). Measure- 
ments of pH were made colorimetrically. The results of the 
experiment are shown in table 2 and in figures 2 to 5. 

At all times during the period of observation both amino-N 
and ammonia-N were increased irrespective of the concentration 
of glucose up to 0.25 per cent. This is not in accord with previous 
observations. The difference may be due to the use of lower 
glucose concentrations. Kendall and his co-workers, taking the 
production of ammonia as a criterion of proteolysis, usually found 
a decrease in the presence of a carbohydrate. Kendall, Day 
and Walker (1922) found that glucose increased the total amino 
nitrogen in cultures of three strains of Clostridium botulinum, 
but caused a decrease in cultures of three other strains. DeBord 
(1923) with a variety of organisms found that glucose increased 
the amino-N and decreased the ammonia-N. An examination 
of the graphs in this latter publication, however, shows that even 
though the conclusions drawn are valid as the culture ages up 
to ten days, in some instances the events taking place in the 
first 24 to 48 hours are not so simple, the curves frequently 
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transecting each other. Foster (1921) concluded that in cultures 
of haemolytic streptococcus *'the greatest increase in output of 
ammonia is correlated in a general way with the maadmum 
periods of growth, glucose utilisation, and acid formation. 
Associated with this increased output of ammonia a correspond- 
ing decrease in amino acids is evident.” The view of Kendall 
and Walker (1915) that ammonia formation is the result of 


TABLE 2 


miB 

QLUC08B CONCBNTBATION 

pH 

COtONIBi 

KHi-N 

. 

▲mino-N 

UMIIBBAB- 

MOLTBIN 

kourt 

fMT € 0 nt 


miUiont 
per ee. 

"ss-r 



0 

0 


0 

16.8 

160 

0 

12 

0 


198 

20.5 

158 

100 

16 

0 


140 

23.9 

176 

75 

24 

0 


95 

25.8 

186 

5 

36 

0 

Bl 

100 

32.7 

184 

2 

0 

0.125 

7,1 

0 

16.8 

156 

WM 

12 

0.125 

6,8 

390 

26 6 

172 


16 

0.125 

6.8 

720 

31.4 

176 

350 

24 

0.125 

6.8 

290 

36 0 

182 

50 

36 

0.125 

6.8 

250 1 

37.0 

182 

10 

42 

0.125 

6.8 


29.0 

176 

5 

48 

0.125 

6.8 

260 

31.0 

181 

2 

42 + glucose at 36 hours 

6.4 

430 

36.4 

180 

40 

48 + i 

glucose at 36 hours 

6.4 

400 

31.5 

189 

40 

0 

0.25 

7.1 

0 

16.8 

160 

0 

12 

0.25 

6.4 

1080 

28.0 

173 


16 

0.25 

6.4 

1200 

33.3 

163 


24 

0.25 

6.4 


21.8 

169 

100 

36 

0.25 

6.4 

470 

21.3 

184 

illlESIIIi 


intracellular deaminization of assimilated protein derivatives 
would ei^lain these changes, as Foster himself points out. 

To rest the case for protein sparing on decrease of a substance 
capable of being metabolised, either amino acid or ammonia, is 
certainly open to argument. The precise amount present at any 
^ven time represents only the balance between production and 
utilisation. Hie converse is not open to the same criticism. 
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Whatever the rate of utilisation, increased concentration of 
amino- or ammonia-nitrogen indicates more proteolysis. 

Under the conditions of cultivation used in these experiments 
haemolytic streptococci utilise nitrogenous foodstuffs more 
rapidly when glucose is present up to a concentration of 0.25 per 
cent. Figures 1 and 2 show clearly that in the absence of glucose 
the rate of increase of amino-N and ammonia-N is definitely 
slowed. It is significant that 0.25 per cent glucose results in a 
rapid decrease in this nitrogen after twelve hours, whereas 0.125 
per cent glucose broth shows only a slow and late decline. This 
persistence of utilisable nitrogen in 0.125 per cent glucose broth 
probably explains why the addition of more glucose to a stable, 
almost haemolysin-free culture thirty-six hours old results in 
further proteolysis as evidenced by more haemolysin. There is 
no such residue of utilisable nitrogen in a culture containing 
initially 0.25 per cent glucose. 

The enormously enhanced formation of new bacterial cells in 
the presence of glucose is in itself evidence of increased total 
nitrogen metabolism. The relative importance of viable cells 
and preformed enzyme is impossible to evaluate, but figmes 2, 
3 and 5 suggest that the nitrogen metabolism per bacterial cell 
is not so profoundly modified by these concentrations of glucose 
as tests on the whole culture would indicate. In this may 
lie the major justification for insistence on the doctrine of pro- 
tein sparing in a catabolic sense, but it still does not invalidate 
the argument that glucose materially assists the total nitro- 
gen metabolism. 

Finally, does the glucose influence the formation of haemolysin 
by modifying the rll of the culture? The fact that neither 
anaerobic cultivation nor titration of the grown culture by 
dilution in glucose saline increase the haemolytic titre, suggests 
that the reducing action of glucose is not a factor. 

PHOSPHATE 

Phosphates were removed from Neopeptone (8 per cent) 
broth by warming at pH 9.2 and filtering through Whatman 
No. 2 paper. Varying amounts of NatHPOi were added, the 
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pH adjusted to 7.0 and sterilisation effected at 120“C. for twenty 
minutes. 

At phosphate concentrations of 0 to 0.5 per cent there was no 
marked difference in the yield of streptolysin. The adjustment 
of pH required to precipitate the phosphates in the peptone and 
meat extract, with its extra manipulations, filtrations and in- 
creased salt content, always resulted in a medium inferior to 
one not so treated. Subsequently media were prepared, there- 
fore, without alteration of the phosphate concentration present 
in the peptone extract. 

It is probable that the high percentage of Neopeptone nullifies 
the possibility of demonstrating a need for inorganic phosphate, 
for as Whitehead (1926) points out, the phosphate require- 
ments of haemolytic streptococci are satisfied by organic phos- 
phate, provided this is hydrolysed by subsequent autoclaving. 
Other workers have similarly demonstrated the importance of 
phosphorus. Meader and Robinson (1920), using a medium 
containing serum or tissue extract, came to the conclusion that 
streptolysin was compounded of organic phosphate and an 
unstable substance derived from fresh tissue. In their exper- 
iments the addition of calcium salts inhibited streptolysin 
formation by precipitation as calcium phosphate. This effect 
of calcium was corroborated during the course of the present 
study. 


INITIAL pH OF MEDIUM 

Beef infusion, 8 per cent Neopeptone, 0.25 per cent glucose, 
at various pH’s was inoculated with strain 206. Cultures were 
grown for sixteen hours aerobically. 

This wide pH range is in general agreement with previous 
observations (Stevens and Koser, 1919; Cook ei dL., 1921). 

The marked optimum around neutrality and the depressing 
effect of alkalinisation do not accord with earlier work, and the 
explanation is probably in the concentration of peptone. In 
the past it has been customary to regard an initial pH of 7.6 to 
8.0 as ideal for streptolysin production, the final pH of the 
culture being usually less than 6.0. The period in the life of 
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the culture when lysin is most rapidly increasing in quantity 
coincides with a pH about 7.0, and the initial alkalinity only 
postpones eventual cessation of metabolism through accumulated 
acid. The high peptone concentration acts as a buffer in the 
same way as does serum, and an initial pH of 7.0 is possible 
without the ultimate acid inhibition. In addition it furnishes 
much more of the essential streptolysin precursor than is to be 
found in the conventional 1 or 2 per cent peptone broth, and this 
under optimum conditions for its utilisation. 


TABLE 3 



TABLE 4 


AGE or CVVrVBM IN HOUSE 



1 

2 

4 

7 

10 

13 

16 

20 

80 

48 

72 

of lytir activity — 

0 

tr. 

3 

20 

150 

360 

500 

260 

64 

32 

6 


TIME OF INCUBATION 

Broth at pH 7.0, containing 8 per cent Neopeptone and 0.26 
per cent glucose. This optimum time of about sixteen hours is 
in accord with the findings of most observers. The variations 
recorded in an extensive literature as to the time relations of 
lytic activity are referable to wide variation in the medium 
employed. 

GENERAL CONDITIONS AFFECTING STREPTOLYSIN 

Colloidal matter suspended in the medium diminished the 
yield of lysin in proportion to the degree of opacity and dispersion. 
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This renders necessary the freeing of the broth from all coagulable 
protein if sterilisation is to be effected by autoclaving. In 
attempts to demonstrate neutralisation of the lysin by immune 
sera, it has been apparent that opalescent sera owed something 
of their activity to the influence of the suspended matter. Sim- 
ilarly the attempt to make a semi-solid medium by the addition 
of small amounts of agar considerably diminishes the lytic 
activity of the culture. 

Anaerobic cultivation gives slightly inferior results, although 
the period of time during which lysin is demonstrable is consider- 
ably increased. This latter is not due to lessened acid production 
in the culture, but apparently in part to the removal of one 
damaging factor— oxidation. The addition of 5 to 10 per cent 
carbon dioxide to the atmosphere in which the culture is grown 
decreases the lytic potency. The effect is probably a specific one, 
for the change in pH produced by carbon dioxide in the atmos- 
phere is insufficient to account for the loss of haemolysin. 

If the virulence of a strain of Streptococcus pyogenes is raised by 
animal passage, the haemolytic activity of the resultant culture 
is demonstrably increased. This fact has been noted by others 
(Cook et (d., 1921) and might be correlated with the observation 
of Rosenthal and Patai (1914) that virulent strains are more 
proteolytic than avirulent strains. 

COMMENT 

Cultures of haemolytic streptococci in the serum-free medium 
used in these experiments are characterised by very high haemo- 
lytic activity. While for reasons set forth in the examination of 
the properties of peptone the requirements for maximum growth 
and maximum lysin are not identical, nevertheless this high 
peptone broth does promote the early and maximal multiplication 
of haemolytic streptococci. A comparison of this mediiun with 
the standard laboratory broth and a commercial nutrient broth 
on their ability to promote multiplication of haemolytic strep- 
tococcus strain 206, together with the minimiim number of 
these organisms capable of initiating growth in 5 oc. of these 
media is given in table 5. 
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This Neopeptone broth has served to emphasise the physio- 
logical differences between the various members of the genus 
streptococcus. For instance, Streptococcus viridans fares so 
poorly on this medium that the occasional culture difficult to 
classify on blood plate appearances can thereby be excluded from 
confusion with Streptococcus pyogenes with as great a certainty 
as by testing for haemolysin. 

The conditions which underlie escape of the streptolysin from 
the bacterial cells have not been established, nor is it certain 
that the antigenic filtrable streptolysin described by Todd (1932) 
is identical with the various lytic agents involving the use of 
serum, either in the culture fluid or in the extraction of the 
grown cocci. The medium here developed gives an extra- 
ordinarily high yield of streptolysin, but it remains quantitatively 


TABLE 6 


UBDIUM 

6 BOUBB 

8 HOTTB8 

! 1 

10 HOURS 

i 

! 

24 HOURB 

MIMZMUM 
NUMBER or 
BTRXPTOOOOCX 

Experimental 

100 X 10* 

600 X 10* 

1500 X 10* 

3000 X 10* 

1 

Standard 

0 

tr. turbid 

200 X 10* 

600 X 10* 

50 

Conunercial ... 

0 

0 

0 

0 

Infinity 


associated with the organisms. Despite the fact that no lysin 
can be detected in filtrates or centrifugates, it is liberated almost 
entirely by shaking the washed organisms in serum for three 
minutes. These properties will be more fully dealt with subse- 
quently. There is no evidence of the formation in this medium 
of filtrable haemolysin. Attempted reduction of filtrate or 
whole culture with sodium hydrosulphite always results in rapid 
destruction of the haemolysin. 

CONCLUSIONS 

In the low concentrations of glucose and high concentrations 
of suitable peptone employed, there is no evidence that the 
carbohydrate spares the peptone. There is a decided stimu- 
lating effect. 
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In highly buffered media the optimum pH for haemolysin 
formation is in the region of 7.0. 

A number of other factors influencing haemolysin formation 
are discussed. 
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During the last fifty years acid-fast organisms, other than 
tubercle bacilli, have been cultivated from many sources. With 
few exceptions, these organisms grow readily and rapidly on 
ordinary media, especially when glycerol is present. These or- 
ganisms are non-pathogenic in the usual sense although large 
doses ordinarily produce abscesses and, sometimes, death of 
experimental animals. 

These organisms, without exception, have been so meagerly 
described that it is not possible to recognize them. As a conse- 
quence the literature contains references to a considerable group 
of organisms which are known by the name of the person who 
isolated them, or by the source from which they came. The 
descriptions lead one to suspect strongly that many of these 
organisms, coming from diverse sources and known imder dif- 
ferent names, really belong to a single species. 

During the last few years we have isolated a large group of acid- 
fast organisms from soil. Having these on hand, and also a group 
of strains isolated by others from various sources, we have en- 
deavored to find means of identifying and classifying them. 
Both cultural and serological methods have been used. In this 
report we shall deal only with the cultural work. 

Growth at 47°C., which was first used by Thomson (1932) as 
a means of separation of the saprophytic mycobacteria, forms a 
major basis of the classification of this group. This criterion has 
been applied to a much larger collection, and other means of con- 
firming the grouping have been found. Some progress has been 
made, apparently, in breaking down the three main groups into 

817 
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sub-groups, several of which appear to consist of a single species. 
On the other hand, about 20 per cent of our strains do not fit 
well into any of the larger groups and certainly require further 
study. It may be said in passing that the great majority of our 
strains have been isolated from soil by means of Sohngen’s (1913) 
technique which utilizes the ability of these organisms to obtain 
metabolic carbon from paraflSn. It is quite possible that some 
of the types that are not common in our collection would be much 
more numerous if other materials had been examined. It is of 
considerable interest to note, however, that many organisms iso- 
lated from human and animal tissues also utilize paraffin and in 
other ways appear to be identical with strains that have come 
from soil. 

Two hundred and fifty-two strains of saprophytic acid-fast 
bacteria, including those described by Thomson, have been 
studied. These strains were isolated from soil (212), bovine (8), 
avian (1), and porcine (1) tissues, human tissues (9), and the tis- 
sues of cold-blooded animals (5). The human series include a 
number that were isolated from the lesions of leprosy and others 
that had no relation to this disease. All of the soil types, with 
but six exceptions, have been isolated in this laboratory by Frey 
and Hagan (1931), Willie (1934) and Gordon and Hagan (1937). 
Likewise, a few types of animal origin have been isolated by us. 
The other strains have been received from workers elsewhere and 
from cultme collections, principally those of the Lister Institute 
of London and the American Type Culture Collection of Chi- 
cago. We cannot vouch, therefore, for the authenticity of all 
of our named strains but can only say that all of these appear to 
agree with the original descriptions so far as we have been able 
to find and interpret them. It is probably safe to conclude that 
the majority of these strains are true to name. 

EXPERIMENTAL METHODS 

All of our strains have been subjected to a series of cultural 
tests in an attempt to find criteria for their differentiation. The 
ones which have given useful results are described below. 

(o) Gross appearance. A simple inc^ction of the cultures 
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growing on glycerol agar slopes is enough to convince anyone 
that they are not all alike. Since these differences are difficult 
to describe accurately, we do not propose to try to do so. We have 
not used the gross appearance of the cultures as a means of differ- 
entiation, but have always been careful not to place in a group, 
otherwise formulated, strains that were not identical in appear- 
ance and behavior. There has been only one departure from this 
rule; in the case of strains that dissociate readily from the S to 
R form. Many of tlie saprophytic acid-fast organisms that usu- 
ally occur in the S form dissociate easily and frequently. We 
have included R forms with the normal S forms only when we 
have compared them with variants that we have developed from 
strains which normally occur as S and have found them to be 
identical in appearance. 

(6) Growth at /i7°C. Glycerol-phosphate agar slants were in- 
oculated, partially .sealed with notched corks, warmed to 47°C. 
in a water bath, then incubated at this temperature for two weeks. 
Growth or absence of growth was readily determined. 

(c) Survival at 60°C. for one hour. Three cubic centimeters of 
ten days’ old cultures in glycerol-phosphate broth were pipetted 
into 5 cc. ampoules. The ampoules were sealed, fastened in 
a wire rack, and immersed in a 60°C., constant temperature water 
bath for one hour. At the end of this time the ampoules were 
cooled, their tips broken, and the contents pipetted to glycerol- 
phosphate agar slants. If growth appeared on the slopes, it 
was compared macroscopically and microscopically with the 
original culture. 

(d) Growth on Dorset’s synthetic medium without glycerol. A 
synthetic, asparagin medium was prepared according to the 
formula given by Dorset (1926), except for the omission of 7 
per cent glycerol and the addition of 1.5 per cent agar. The 
cultures were inoculated on slopes of this medium and incubated 
at 37°C. for two weeks. 

(e) Utilization of carbohydrates. The ability of these cultures 
to utilize certain carbohydrates as the sole source of carbon was 
determined by the method described by Merrill (1931). The 
medium has the following composition: 


JOVBNAli or BACVnUOLOOT, TOE.. 34, NO. 8 
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V«rctnt 

NaCl 0 5 

(NH4),S04 0 5 

MgS04 0.0005 

KH,P04 0.04 

KaHP04 0 16 

Agar . . 2 0 

Phenol red (in alkaline solution) 0 0001 


Five cubic centimeters of the above medium were placed in tubes and sterilized 
by autoclaving. One-half per cent of the carbohydrate, which had been sterilized 
by Berkefeld filtration, was added to each tube. 

Utilization of each carbohydrate was established by growth of 
the culture on the above medium and by the accompanying acid 
color of the indicator. 

if) Action in litmus milk. The cultures were inoculated into 
litmus milk and incubated at 25°C. for one month. 

{g) Nitrate reduction. The cultures were grown in a beef-ex- 
tract medium containing 1 per cent KNOs. After ten days’ 
incubation at 25°C. they were tested for nitrites with Tromms- 
dorf’s reagent. 


RESULTS 

Following the primary grouping of Thomson, we have placed 
our cultures in three groups. In group I all but four strains 
consist of the Mycobacterium smegmatis type; in group III all but 
one strain is of the Mycobacterium phlei type. Group II is a 
more heterogenous one, although 66 of the 95 strains appear to 
belong to a single species, about equally divided between the R 
and S forms. The other 29 strains, although having many fea- 
tures in common, are evidently not identical. Among these 29 
strains are most of our so-called lepra strains, also most of the 
tubercle bacilli of cold-blooded animals. 

The cultures have been grouped according to the following plan: 

Group I 

Fails to survive 60®C. for one hour. 

Grows at 47“C. 

a. Utilizes arabinose. 

105 strains similar in appearance and cultural reactions. 

b. Unable to utilize arabinose. 
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4 strains different in appearance and cultural reactions from 
above cultures and from each other. 

Group II 

Fails to survive 60°C. for one hour. 

Does not grow at 47'’C. 

a. Unable to utilize sorbitol. 

1. Unable to utilize arabinosc. 

66 strains similar in appearance and cultural reactions. 

22 strains different from above cultures and from each 
other in appearance and cultural reactions. 

2. Utilizes arabinose. 

7 dissimilar strains. 

b. Utilizes sorbitol. 

18 dissimilar strains. 

Group III 

Survives 60°C. for one hour. 

Grows at 47°C. 

a. Utilizes arabinose. 

29 strains similar in appearance and cultural reactions. 

b. Unable to utilize arabinose. 

1 strain differing in appearance and cultural reactions from 
above cultures. 

The cultural features and grouping of our cultures are indi- 
cated in table 1. 

Group la. The 105 strains assembled in this division grow 
rapidly at 25°C. and 37°C. In early stages, on glycerol agar 
slants, the growth is dull, creamy white, spreading and trans- 
lucent. After three or four days the growth becomes thickened, 
wrinkled and opaque (see fig. 1). After three or four weeks at 
room temperature a deep yellow or orange color develops. This 
color change is quite characteristic of this group since it W'as 
observed in only two cultures not included in this division. 

Group Ih. Four other cultures were included in group I be- 
cause they grow at 47°C. and do not survive 60°C. for one hour, 
although they are dissimilar to each other and to members of 
group la in appearance and in several cultural reactions. Two 
soil strains are creamy white and do not change color with aging; 
one is of the smooth type and produces a smooth, unwrinkled 
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growth ; the other is rough in type and presents a waxy, deeply 
wrinkled appearance. The third culture in this group, an isola- 
tion from a case of human nodular leprosy, is rough in type and 
yellow in color, resembling Mycobacterium pMei in appearance. 
The fourth strain, Mycobacterium leprae I of Clegg, is salmon pink 
in color and produces a smooth growth with nodular elevations 

TABLE 1 


Grouping of saprophytiCf acid-fast cultures 
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Total number of cultures-~252. 


which tend to coalesce to form ridges. The cultural variations 
may be seen in table 1. 

Group J/oi. Eighty-eight strains are incapable of utilizing 
either sorbitol or arabinose as sources of carbon. Of these 88 
cultures, 66 are sufficiently alike in appearance and bio-chemical 
reactions to indicate their close relationsMp. 'Diese 66 strains 
produce a creamy white growth which does not change color with 
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agiiif!;. The growtli is not (luile as rapid, spreading, or heavy as 
that pr(‘s(Mit(*d by meinlxa's of group la. Thir(.y-fiv(* of the (i() 
strains are rough in typ(‘ and produee a erumldy, pih'd-iip growth 
as shown in figure 2. The retnaining .31 cultun's are smooth in 
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type, and their growth resembles a streak k'ft by a well-filk'd 
paint brush. tS('(' fig. 3.) Sixty-five of these cultures were ob- 
tained from soil; th(' n'maining one is Mycobacterium rnnac of 
Kuster. The 22 strains arbitrarily included in this division be- 
eau.se of their inability to attack .sorbitol and arabino.se are, for 
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the most part, dissimilar in appearance and in other bio-ehemieal 
featnres. Five creamy whip; strains, Mycohacterium cfidoni 
(smooth type), Mycohacterium schlangcn (smooth), the bacillus 
of liayne-Jones (smooth), the bacillus of Hastings (rough), and 



Fi(i 2. Soil Isolation, Shovmno Topical Ai*i*eahance of Itoroii Stkmns 
Included in (thoio* Hju 


one soil isolation (smooth), utilize none of the carbohydrate's. 
Nine deep yellow, smooth, soil cultures ferment trehalose, man- 
nitol and fructose. Three strains, M ycoluu'tcrmm leprae of Duval 
and two soil isolations (one a smooth yellow and the ot her a rough, 
creamy white), obtain necessary (earbon from trehalose, mannitol, 
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() 2 .') 

frnclosc, and micvosc. Tho rcinainitig fiv(‘ s| rain'', M jjcohactcrnnn 
//.s, Plum’'' bacillu' (rough, ])ink), and three' '-oil '-train^ 
(one a rough ye'llow and two smoolli yelhm ), vary eou'-iderahly 
from ('aeh other and from the jibove grou])'. 



Im(. Son Noimion Si{()\> in(. i* 1 ( m. \rPK\n\Nth oi SM(>t>i n Si u \inn 

1\( M 1)1’ I) IN (luol !• Hill 


(h'dUf) Ild-i- Se\en cultures were separated from the preceding 
SS strains because of tlu'ir ability to ferment arabinose. Their 
variations in piginc'iit, type, and cultural features are rc'corde'd 
at top of next page. 
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Fra. 4. M. phlei, Showing Typical Appearance of lioron C^H/ruRKs Ini ludeo 
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(iroup lib. This sulH^ziroup, lhos(‘ stniiiis which 

utilized s()rl)it()l, was of inte^e^t Ix'causc* it eoniained five eiiltun^s 
beai'in^ the naiiu^ M yvohactvriunt Irprar. One sinootli yellow 
l(‘pra(‘ strain haaiKaits only sorbitol and fructose, d'wo (ailtures, 
M f/(‘(fbartcri(nn b^prar fList(‘r (‘olhadion No. olS), and the leprosy 



.*). Son. ls()L\'iu)N, Sudw i\(; Appkomnte of Strain^ Ixc'luded 

IN CJitoi’i* II In 

bacillus of Flly, iiroducc a yellow, cnuubly, piled-ui) growth and 
utilize sorbitc^l, trehalose, mannitol and fructose. The same car- 
bohydrates are attacked by two other smooth, salmon pink leprae 
cultures (BrinkerhofT II and Clegg IT), a salmon pink strain iso- 
lated from a. calf skin lesion, and by three rough, creamy white 
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TAHl.L 2 
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^oil i.-^olat i()n>. 'Din'c* v ( h \ ])i^m(‘n1(‘(l strains wliich utilize^ soj- 
l)it()l, t r(‘lial()>(‘, inaiinitol, fructox^ and su(*i*()S(‘, also inchidtal. 
d'h(‘ rennainin^ six. dissimilar cultuiV'- (two -‘inootli, yedlow: two 
'^mooth, cnaiiny white*: and two Miiooth, cre'amy white* whi(*h 
change* to d(‘(‘j) y(*llow with agi*;. are soil strains whiedi utilize all 

^uj^ars (*xe(*|)( sucrose. 

(iniHf) 1 1 Id. Thv 29 eadtures asxanhh'd in this grou)) are* ele*e*]) 
ye‘llow (»r orange* in color re*^ardle*ss e)f afie. Ei^hte*en are* roup:h 
in ty])e‘ anel ])roduce* a rapiel, spreading*, waxy, coarse‘ly wrinkle*el 
gr(»wth (se*e‘ fig. 4). The* ele‘\'en smootli strain'^ pre'se'nt a smoe)th, 
spre‘ading', mucoid growth as vhejwn in figure o. 'rhe*se strains 
w’ere* se*])aiate*el IVom those^ e)f groiij) la l)e*caux* of tlu‘ir ability to 
re*sist tU)'(\ for one* hour anel beM*ause of thi*ir diffe*re‘nt apj)ear- 
anea*. All of the* rough strain'^ anel a fe‘W’ of the* sme)e)th ones grow* 
on l)orse*t's syn(he*(ie* me*dium whie*h e'e)ntains lU) glye^erol. 

Urou/) Illb. One e'ulture*, tlu* hog-skin bae*illus of Bue*kley, 
was assigneel 1o this gre)up bee*ause e)f its ability te) withstaiiel 
f)()'A\ fe)r e)ne he>ur anel te) gre)W’ at 47*^0. It is rough in type* anel 
pre*sents a pale* ye*llow, crumbly gre)wih. 

The name's anel se)ure*e's e)f eair e*ul(ure*s anel thedr elispositie)n 
inte) the* varie)us gre>ups are* she)wn in tablei 2. 

In e)ur se*are*h fea* e*riteria for separating e)ur euiltures several 
te'sts ne)t emple)yeel in this classifieatmn WTre inaele. Altheaigh 
se)me e)f them gave ne> useful iufe)rmat ion, e)the*rs may be useel later 
fe>r fnrtlmr sul)divisie)n e)f these anel othe*r culture*s. None of the 
cultures tested liepiefy gelatin, form indol, e)r utilize raffinose. 
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All strains produce catalase, grow at pll 9.0 and utilize glucose 
and glyc('rol. Some of the cultures giv(‘ posit ive results and some 
negative to the following te.sis: ammonia juoduction from pej)- 
tone, starch hydrolysis, agglutination by concanavalin A, growth 
at survival of 00°(’. for ten minutes, growth in high sail 

concentrations, ac'id production in Dorset's synthetic medium, 
actual amount of glucose utilized by cultures in glucose broth, 
final pH in glucose broth and utilization of the following suli- 
stances for metabolic carbon; maltose, dulcitol, salicin, inositol, 
•sodium citrate, ammonium lactate and jdienol. 

SUMMARY 

The cultural reactions of a collection of 252 saproj)hytic, acid- 
fast cultun's from soil, plants, human and animal tissues and 
secretions have been studied in an end('avor to find standards for 
the classification of the saprophytic mycobacteria. Mighty [)er 
cent of the strains were n'adily separated into thrcu* grouj)s of 
closely ndateil cidtures. The remaining 20 j)er c('nt of t he st rains, 
which differed from the above and in most cases from each oIIhu', 
were arbitrarily distributed among the three* ma.ioi' groui)s as 
sub-groups. 

The counsel and a.ssistance of Dr. W. .V. Hagan in conducting 

and presenting this study are giatc'fullv acknowledged. 
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THE IDENTITY OF “BACILLUS INNUTRITUS” (KLEIN- 
SCHMIDT) AND BACILLUS PARAPUTRIFICUS 
(BIENSTOCK) 
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Medicine and Hoepitale^ and Child Research Council ^ Denver ^ Colorado 

Received for publication June 7, 1937 

From time to time, over a period of many years, we have re- 
covered from the feces of infants and children, from fecally- 
contaminated surgical wounds, from a decubitus ulcer, and from 
post-mortem cultures from the heart blood, peritoneal and pleural 
fluids in adults, a species of anaerobic bacillus whose close 
resemblance to the ‘'Kopfchenbacterien'’ Escherich was finally 
pointed out by Hall and O’Toole (1935) and whose identity with 
the BaciUus paraputrificus of Bienstock was shown by Hall and 
Snyder (1934). 

In 1934, Kleinschmidt of Cologne, Germany, reported an 
anaerobic bacillus occiuring in the stools of infants at periods of 
malnutrition, which in his opinion differed from previously 
described bacteria and which he called "BaciUus inmUrUtts.” 

The description of “B. innutritus” was at once suggestive of 
B. paraptUrificus, and it so happened that the senior author was 
able personally to visit Dr. Kleinschmidt in the Kinderklinik der 
Stadiisehe KrankenamtaM Linderiborg and to secure two strains 
of “B. innuiiritus” for comparison. These were numbered 9340 
and 9341 in our series and compared morphologically and cul- 
turally with our strains 4042Ea and 4453 of B. paraputrificus, 
isolated by Miss O’Toole from the stools of three- and four-day 
old infants in 1930. 

It is unnecessary to repeat all of the details of our findings 
which showed definitely that all of these strains belonged to the 
species, Bacillus paraptUrifims, as described by Hall and Snyder. 

681 
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We again observed the variations in Gram-staining in the coagu- 
lation of powdered milk solution and in action on sterilized fresh 
milk as already recorded. 

We confirmed all of the morphological and cultural observa- 
tions previously recorded except as to the fermentation of raf- 
finose, which, we found, was not fermented, either by the above 
four strains or by any of the additional sixteen strains previously 
studied. Consulting Snyder’s thesis, we found that in the orig- 
inal observations raffinose was not fermented; raffinose was 
wrongly included by Hall and Snyder among the fermented 
carbohydrates. 

In addition, we tested arabinose, rhamnose, dulcitol, and 
inositol which were not fermented. 

We likewise foimd the first four strains mentioned above to 
be essentially non-pathogenic by subcutaneous inoculation in 
rabbits and guinea pigs although a slight transient oedema was 
observed in guinea pigs, which always subsided without necrosis. 

Aside from the above proofs of identity, the most conclusive 
evidence was found in the serological tests. 

SEROLOGY 

Desiring to avoid the non-specific acid agglutination described 
by Snyder in his serological studies on BaciUua paraputrificua 
(1936), we immunized rabbits with cultures grown in 1 per cent 
glucose broth in constricted tubes with marble seals, intending 
to neutralize such cultures for the actual tests as advised by 
Snyder. We observed, however, that it was difficult to avoid 
ovemeutralization; there was a tendency for the cultures to be- 
come clear, owing apparently to solution of the bacteria, so that 
they became worthless for agglutination tests. We then at- 
tempted to use cultures grown in meat-infusion broth without 
added sugar, as also advised by Snyder, but the growth was too 
sparse. We then decided to use meat-infusion broth with 0.2 
per cent glucose in which B. parapuirificm was found to grow 
abundantly but without excessive production of acid. 

Snyder found acid agglutination to begin with B. paraputrificua 
at pH 5.1 while the terminal acidity in 1 per cent glucose broth 
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cultures at forty-eight hours was pH 4.4 to pH 4.8. With the 
assistance of Mr. Nicholas Duffett in the electrometric determi- 
nation, we foupd pH values of 4.64 in 1 per cent glucose and of 
5.37 in 0.2 per cent glucose broth after forty-eight hours of growth ; 
therefore, it was possible to use this latter medium and still 
avoid acid agglutination. 

Two rabbits weighing about 2 kgm. each were immunized. 
Cultures were prepared two days ahead of time for each injec- 
tion. All inoculations were made subcutaneously, using 2 cc. 
of living culture each time. 

Rabbit 3028 was inoculated with “B. innvtritus” 9340 on 
December 14, 18, 22, 28, 31, 1936, January 4, 8, 12, 15, 19, 22, 
and 27, 1937. There was no apparent loss of weight and no 
appearance of adverse symptoms or lesions during treatment. 
Five cubic centimeters of blood were drawn from the ear vein on 
February 3, 1937. A preliminary test showing the titre of the 
serum to be satisfactory, 25 cc. of blood were drawn from the left 
ventricle of the heart on February 4, 1937. This serum was used 
in the final tests. 

Rabbit 3027 was injected with B. paraputrificus 4042Ea 
December 14, 18, 22, 26, 1936, January 4, 8, 12, 15, 19, 22, 27, 
and 30, 1937, No lesions or adverse symptoms were observed 
during this period. On February 9, 1937, 5 cc. of blood were 
obtained from an ear vein. The titre of the serum proving satis- 
factory, 25 cc. of blood were secured by cardiac puncture on 
February 10, 1937. 

Agglutination tests were made against all of the strains of B. 
parapvirificus available and the two strains of “B. innviritus" 
using cultures in 0.2 per cent glucose broth incubated for forty- 
eight hours, diluted with saline solution to about 500 million 
organisms per cubic centimeter. The tests were incubated at 
37.5‘’C. for three hours, recorded, reincubated for three hours 
more, again recorded, and then left at room temperature for the 
remaining eighteen hours, and finally recorded. There was never 
any evidence of contamination under these conditions. The 
results of the agglutination tests are shown in tables 1 and 2. 

Table 1 shows that the serum prepared against “B. innviritus” 
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TABLE 1 

Aggltdinaiion tests with serum of rabbit 909B immunized against ^^Bacillus 

innutritus** 9840 
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TABLE 1 — Concluded 
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9340 agglutinated the majority strains of of the B. paraputrificus. 
Sixteen out of the eighteen strains of B. paraputrificus were 
markedly agglutinated in the 1:20 dilution, fifteen by the 1:40 
dilution, and fourteen by the 1:80 dilution, but as the dilutions 
increased the number of strains agglutinated decreased rapidly. 
Three strains approached the titres shown by the two German 
strains at 1:5120, but two showed only a slight reaction in the 
lowest dilutions at twenty-four hours. 

Table 2 shows that the serum prepare against B. paraputrificus 
4042Ea likewise agglutinated both strains of “B. innutritus" as 
well as a majority of the strains of B. paraputrificus. This was 
a weaker serum, completely agglutinating the homologous strain 
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TABLE 2 


Agglutination testa with serum of rabbit S0St7 immunized against Bacillus 
paraputrificus 404IBEa 
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* Homologous strain of Bacillus paraputrificus. 





‘b. innutritib” and b. paraputrifictjs 637 


TABLE 2 — Concluded 
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only in a dilution of 1:320. Yet all strains were strongly agglu- 
tinated at 1:40 and one of “B. innutritus” at 1:80. 

In each series of tests we observed considerable difference in 
agglutinability of certain strains. Snyder (1936) noted similar 
differences and a comparison of his tables and ours shows that 
certain strains agglutinated weakly with one serum and strongly 
with another, even though the second serum showed a lower 
homologous titre. 

We are strongly inclined to interpret the variations in agglu- 
tinability of certain strains of B. 'paraputrificus, particularly in 
the three-hour readings, as dependent ujxin possible differences 
in flagellar antigens but the whole problem of flagellar and so- 
matic agglutinogens in this species requires further study. 

The essential point now is that a serum prepared against a 
representative strain of “B. innutritus" (Kleinschmidt) strongly 
agglutinated a majority of the available strains of B. parapu- 
trificus (Bienstock), while a similar serum prepared against a 
representative strain of B. paraputrificus (Bienstock) strongly 
agglutinated both available strains of “B. innutritus" (Klein- 
schmidt). In view of their essential identity, morphological, 
cultural, and serological, we suggest that, on the ground of 
priority, the name “Bacillus inmitritus” should be dropped in 
favor of Bacillus paraputrijicus. 
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Although much work has been done on the effects of X-rays 
on bacteria and other biologic materials, relatively little has been 
done on bacteriophages. Among the results reported is that of 
Beckwith, Olson and Rose (1930) who worked with six strains 
of Escherichia coli and seven Escherichia coli bacteriophages. 
They found that exposures to rays from a Roentgen tube for 30 
minutes reduced, but did not destroy the lytic activity of 3 of 
the possible 42 combinations. The X-rays used in their experi- 
ments were probably the penetrating or short wave-length radia- 
tions of medical radiology so that only a small part of the radiant 
energy was absorbed by the bacteriophages. If it is the energy 
absorbed by the bacteriophages which reduces their activity, 
and if other conditions are the same, one would expect the de- 
gree of inactivation to be greater when the X-rays were of the 
less penetrating long wave-length, or soft, variety. Having at 
hand a source of such long wave-length X-rays, the authors 
decided to investigate their effects on several bacteriophages. 

expebimbntal 

Bacteriophages for a hemolytic Streptococcus, Staphlyococcus 
aureus, Escherichia coli-communis and Shiga dysentery bacilli 
were chosen because of their high lytic activity and ready trans- 
missibility. The radiations were supplied by a gas X-ray tube 
(Kersten, 1934), having a copper target and window of alu m i num 
foil and cellophane, operated at 30 peak K. V. and 10 m.a. The 
most intense parts of the radiation transmitted by the window 
were the K« (1.54 A) and the (1.38 A) lines of the copper 



640 


ELIZABETH V. WEIGHT AND H. KEEBTEN 


X-ray spectrum. Lysis was observed throughout the period of 
activity by means of a turbidimeter developed by the authors 
and described in a previous paper (Wright and Kersten, 1937). 

The lysates used were prepared by inoculating test tubes, con- 
taining 10 cc. of brain-heart infusion broth with 0.5 cc. of 24- 
hour broth culture of the organisms. This new culture was in- 
cubated at 37°C. for 2 hours, 1 cc. of the lysate from a previous 
run added, and incubation continued until a complete clearing 
was produced. One cubic centimeter of the young lysate was 
placed in a small Pyrex cup about 1.5 cm. in diameter. This 
quantity insured an amount of the lytic principle adequate for 
producing clearing in normal control tubes within from 2 to 4 
hours after having been added to a susceptible culture. The 
cup, open at the top, was placed directly beneath the window 
of the X-ray tube so that the surface of the liquid in it was 4.2 
cm. from the focal spot. After irradiation, the material was 
transferred by pipette to a test tube containing a 2-hour broth 
culture of the homologous bacterium. A similar tube of broth 
culture to which 1 cc. of non-irradiated bacteriophage was added 
acted as a lytic control while another culture tube containing 
no bacteriophage acted as a normal growth control. All tubes 
were incubated at 37°C. and readings of turbidity were taken 
every 15 minutes until the maximum clouding or clearing was 
reached. Figures 1, 2, 3 and 4 show the results of irradiation for 
4 different bacteriophages for various periods of time. Each 
graph shows a normal growth curve in the absence of the lytic 
agent and other curves for growth in the presence of the lytic 
agent. During growth the microampere readings increase with 
increasing clouding, while during lysis, as the culture clears, the 
microampere readings decrease, until a low reading is obtained 
upon completion of lysis. Tubes containing bacteriophages ir- 
radiated for 1 hour show only slight modification of the lytic 
activity while those containing bacteriophages which had been 
subjected to from 4 to 6 hours of irradiation have growth curves 
approximating those of their respective normal ones. Those 
irradiated for periods between these extremes have intermediate 
growth curves. 
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With the X-ray tube used, the irradiated sample is warmed 
slightly by the heat which passes through the window with the 
X-rays. In order to show that the effect of irradiation on the 
Ijdic activity of the bacteriophages was due to the X-rays and 
not to the small quantity of heat accompanying them a number 
of additional experiments were conducted. The temperature 
just beneath the window of the X-ray rube was measured by means 
of a thermocouple and was found to be less than 37°C. during a 
5-hour period of irradiation. In another experiment the bacteri- 
ophage was held at a temperature below 14°C., by means of an 
ice-salt mixture, during irradiation. Reduction of the lytic 
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activity was of the same degree as that of an uncooled bacterio- 
phage irradiated for the same length of time. A similar bac- 
teriophage cooled during the irradiation period in an identical 
manner, but protected from X-rays showed no alteration in its 
ability to produce lysis. Bacteriophages were also incubated for 
5 hours at 45°C. and found still to possess their normal lytic 
activity. From these experiments it may be concluded that the 
bacteriophages were not inactivated by heat from the X-ray tube. 

There was also the possibility of an inhibiting substance being 
produced in the broth by the long periods of irradiation (Blank 
and Kersten, 1935). To investigate this possibility, 1 cc. of 
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double-strength broth was irradiated for 4 hours, 1 cc. of bac- 
teriophage added, and the mixture held at for 4 hours. 
This mixture was then added to a susceptible young culture. No 
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reduction of lytic activity was produced, indicating the absence 
of inhibiting substances in the irradiated broth. 

Finally there was the posrability of the pH of the medium 
being change by irradiation and this in turn affecting the activ- 
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ity of the bacteriophages. Broth which had been irradiated for 
4 hours showed no change in pH value as compared with non- 
irradiated broth from the same tube, when matched with stand- 
ard brom-thymol-blue indicator ampoules. 

It is interesting to note that the growth curves obtained 
using diluted bacteriophages were found to be similar in shape 
to those obtained using bacteriophages which had been partially 
inactivated by irradiation with soft X-rays, and the bacterio- 
phages which were active in high dilutions required the larger 
doses to produce inactivation. 

CONCLUSIONS 

From these results it may be deduced that: (1) the lytic 
activity of bacteriophages for Staphylococcus aureus, hemol 3 d;ic 
Streptococcus, Escherichia coli and Shiga dysentery may be par- 
tially or completely inhibited by exposure to soft X-rays; (2) 
that all of these bacteriophages are not equally affected by the 
same dose of X-rays; (3) that the degree of inhibition for any 
one of these bacteriophages increases with increased doses of 
X-rays. 
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The meningococcus and gonococcus often give rise to lesions 
in the human being which are of the gravest import. It is, 
therefore, highly desirable that a differential diagnosis between 
these two and other gram-negative cocci should be made as early 
as possible. Workers in hospital laboratories have encountered 
various difficulties in the practical differentiation of these or- 
ganisms. The difficulties lie mainly in the slowness of acid 
production on solid media in general use, and in the frequent 
failure of the organisms to multiply in fluid media. Numerous 
attempts have already been made to remedy these difficulties. 

After a considerable study of the factors influencing the growth 
and growth products of Neisseria, a medium has been obtained 
■which we believe offers a practical means by which an early 
differential diagnosis can be made. 

The medium to be described consists of whole serum from 
which the fermentable substances and diastase have been re- 
moved and to which have been added a concentrated broth 
containing inorganic salts and a carbohydrate and indicator. 
Differential identification can usually be established in 12 to 
24 hours. 

review of lilTBRATURB 

Bumm (1885), who first successfully cultivated the gonococ- 
cus, grew it on solidified human placental blood. Later investi- 
gators added unheated proteins to agar for the cultivation of 

* Stri>mitted to the Graduate School of the University of Pittsburgh in partial 
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both the gonococcus and meningococcus. Dunn and Gordon 
(1905), Rundle, Mottram and Williams (1907), Symmers and 
Wilson (1907), Shennan and Ritchie (1908), Elser and Huntoon 
(1909), Swartz (1920), and Torrey and Buckell (1922) used 
hydrocele and ovarian fluids. Martin (1911), and Jenkins 
(1921) used human serum. Kinsella, Broun and Garcia (1923) 
used beef serum. Jenkins (1924), MacNau^ton (1923), and 
Herrold (1928) utilized whole blood. North (1909) reported 
good results with gelatin-agar, and Vedder (1915) with corn- 
starch agar. Watabiki (1916) added whey to agar. Cole and 
Onslow (1916), on the other hand, reported best results with 
milk casein mixed with extract of pig pancreas. 

In 1922 Erickson and Albert reported the use of beef testicular 
blood-agar and in 1926 Pelouze and Viteri obtained excellent 
results with brain broth medium without addition of blood. 
Cole and Lloyd (1916-17) used “tryptamine” blood extract in 
agar and in broth. They were particularly interested in the 
amino-acid content of the medium as were also McLeod, Wheat- 
ley and Phelon (1927). 

Although the t 3 T)e of protein utilized has been stressed by 
most investigators, Martin (1911), and Phelon, Duthie and 
McLeod (1927) indicated the importance of reaction of the 
medium. The latter authors called attention to the ill effects 
of unduly alkaline media on both the meningococcus and 
gonococcus. Wherry and Oliver (1916), and Chapin (1918) 
believed that an altered oxygen tension was also a major factor 
in the cultivation of gonococci. 

Perhaps the media most extensively used for differentiation of 
gonococcus and meningococcus are the following: the serum 
water medium of Hiss, the semisolid agar of Torrey and Buckell 
(1922), the ascitic fluid of Elser and Huntoon (1909), Gradwohl 
(1926), and others, the sugar-free infusion-broth agar of Martin 
(1911), the hormone agar of Huntoon (1918), and the brain 
of Pelouze and Viteri (1926). These various media, with and 
without modifications, have been used in our laboratories for 
several years, but since growth requirements do not entirely 
parallel those of acid production they have all proved more or 
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less unsatisfactory in our hands, chiefly because of irregular or 
tardy reactions. Likewise, the egg-white mediums of IjC Soudier 
and Verge (1925) and of Iloublot (1925) were tested as a basis 
for a differential medium but they could not be used because of 
interference with the action of the indicator. 

It was evident, therefore, that none of the methods which we 
have tried were entirely satisfactory for diagnostic purpioses, 
especially in the hands of the student in bacteriology. 

Some of our preliminarj' observations indicated that coagulated 
serum might posseas the requisite qualities. These observations 
W'ere extended in various ways and resulted in the development 
of the medium de.scribed in the following pages. 

PREPARATION OF MEDIA 

In these experiments, sera from beef, calf, lamb and hog were 
tested. In general, media prepared from each of the sera yielded 
equally satisfactory results. Beef serum being more easily ob- 
tainable w’as, therefore, more extensively used. Blood for this 
purpose was collected in the usual manner and the serum sepa- 
rated from the clot. 

A mixture of three parts of serum and one part of sterile water 
(250 to 300 cc. in a 500-cc. Florence flask) was heated in a water 
bath at 65"C. for one hour, with frequent shakings, on two 
consecutive days. Enough water was kept in the bath to float 
the flask in order to prevent coagulation at the bottom. The 
mixture was cooled to 40°C. or below and inoculated heavily 
with a 24-hour culture of Escherichia coli-communis. It was 
then incubated at 37°C. for four or five days or until a secondary 
idkalinity of pH 7.7 to 7.9 had occurred. The mixture was 
again heated in the water bath at 65°C. for one hour to kill the 
organisms present. At this point the sterilized mixture could be 
stored in the icebox until it was convenient to complete its prepa- 
ration. The serum water mixture thus treated was found to be 
deficient in growth-promoting factcas but was very satisfactorily 
used as a basic medium to which various substances were added 
in an attempt to secure a medium which would produce luxuriant 
growth and a good differentiation, and would prolong the life 
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of the organisms. Various materials wore added to the basic 
medium, singly and in combinations, and the effects upon the 
cultures of meningococci and gonococci were studied. The 
chemicals studied most extensively were: potassium sulphate, 
magnesium sulphate, sodium sulphate, sodium sulphite, potas- 
sium chloride, calcium chloride, magnesium chloride, sodium 
nitrate, sodium bicarbonate, monobasic and dibasic potassium 
phosphate and sodium phosphate. 

Growth and acid production of both meningococci and gono- 
cocci were slightly accelerated by additions of sodium sulphate, 
potassium sulphate, potassium chloride, sodium nitrate and 
sodium bicarbonate in amounts varying from 0.1 to 0.3 per cent. 
Of the combinations of salts studied, those which affected acid 
production most were mixtures of sodium or potassium sulphate 
with calcium chloride and sodium bicarbonate or sodium nitrate. 
In some instances we were able to detect acid production in 
media containing salts 4 to 12 hours earlier than in those con- 
taining no salts. Further additions of meat extract, peptone or 
neopeptone were tried. These latter substances .so enhanced the 
growth of both organisms that a mixture of meat extract with 
one of the peptones has been employed, neopeptone being 
preferred. 

Several indicators were tested, the most important being: 
azolitmin, Andrade’s, phenol-red, brom-thymol-blue, brom- 
cresol-purple, and cresol-red. Satisfactory results were obtained 
with the last five but only when culture tubes were sealed with 
corks or rubber stoppers. 

When the Andrade’s indicator was employed, it was necessary 
to add 1 cc. to 100 cc. of medium. The phenol-red indicator 
required 6 cc. of 0.04 per cent aqueous solution to each 100 cc. of 
medium. Cresol-red, brom-cresol-purple and brom-th 3 rmol-blue 
each gave optimum results by the addition of 2.5 cc. of 0.1 per 
cent aqueous solution to each 100 cc. of medium. 

Brom-thymol-blue gave somewhat more satisfactory readings 
than the others and was, therefore, the indicator of chdce. 

In order to incorporate into the medium the most desirable 
ingredients studied, it was found necessary to add to the serum- 
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water mixture a special concentrated broth which was prepared 
as follows: 


Water 1000 oc. 

Neopeptone or peptone 50 grams 

Meat extract 10 granois 

Sodium chloride 10 grams 

Sodium sulphate 10 grams 

Sodium nitrate 6 grams 


The mixture was heated until dissolved, reaction unadjusted, 
and then sterilized at 10 pounds pressure for 15 minutes. 

The formula for the completed medium consisted of : 


Serum-water mixture (as prepared above) 800 cc. 

Concentrated broth (as prepared above) 200 cc. 

The reaction was adjusted to pH 7.8. 

Carbohydrate (glucose^ maltose, etc.) 10 grams 

Brom-thymol-blue 0.1 per cent aqueous solution 25 cc. 


Sodium hydroxide was used for adjusting the reaction when the 
medium was too arid. Additional peptone was added when the 
medium was too alkaline. The medium was tubed in 5-cc. 
amounts and coagulated in the inspissator. Inspissation of the 
medium was best accomplished by having the initial temperature 
of the water in the inspissator jacket between 70° and 75°C. and 
raising this to 90°C. in 45 minutes to one hour. This temperature 
was maintained until coagulation was completed. The time 
required to complete coagulation depended upon the number 
of tubes in the inspissator. 

As soon as tubes were cooled enough to permit handling they 
were removed from the inspissator, placed in an autoclave in 
slanted position and heated for 30 minutes at two pounds pres- 
sure. They were then removed from the autoclave, incubated 
overnight at 37°C. and re-heated for 30 minutes at two pounds 
pressure. This was sufficient to sterilize the medium. The 
tubes were then stoppered tightly with sterile corks or rubber 
stoppers and stored at room temperature in the dark, since light 
slowly decolorizes the indicator. 
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A medium prepared and stored in this manner for longer than 
one year continues to give excellent results. 

GENERAL RESULTS 

The fermentation reactions of 56 strains of gonococci and 51 
strains of meningococci have been repeatedly studied on this 
medium. Thirty-nine strains of the former and 41 strains of 
the latter were recently isolated from hospital cases. The re- 
maining strains were from stock cultures. The carbohydrates 
found to be of most value in the differentiation of meningococci 
and gonococci were those commonly used with other methods 
referred to, namely, glucose and maltose in 1 per cent concentra- 
tion. As the work progressed, other carbohydrates were tested 
but these added nothing of practical value to the information 
obtained by the use of the two mentioned. In cultures of 
meningococci which were tightly stoppered, fermentation oc- 
curred in glucose and maltose in from 4 to 16 hours with a definite 
change in color of the indicator. 

Sealed cultures of gonococci fermented glucose in 8 to 24 hours. 
No further change occurred in cultures of either organism during 
the first four days, but on the fifth day both gonococci and 
meningococci produced acid in mannitol in all strains studied. 
This reaction was probably due to impurities in the carbohy- 
drates. No fermentation was obtained in sucrose, lactose, salicin, 
sorbitol, dulcitol, mannose, levulose and galactose by either 
organism. Prolonged incubation produced little or no color 
change in uninoculated controls and in those cultures with non- 
fermented sugars. 

Other investigators have reported the increased amount of 
growth produced by the gonococcus when tubes are sealed prior 
to incubation. We noted, however, that when shallow stabs 
were made into the medium rather than surface inoculation 
^one, acid appeared almost as early as when the tubes were 
sealed. 

Sealing the tubes did not favorably influence the growth of 
meningococci, but when cotton plugs were employed idl cultures 
of this organism produced a secondary alkaUnity in fermented 
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sugars within 48 hours. Three strains of gonoccx^ci which grew 
very luxuriantly produced a slight secondary alkalinity in glucose 
medium. With the remaining 53 strains studied, the acidity was 
maintained over a period of weeks. Two factors are concerned 
with production of these phenomena. These are oxygen tension 
and the prevention of escape of any gas or volatile acid. Qualita- 
tive analysis, similar to that employed by Phelon, Duthie and 
McLeod (1927), except that barium hydroxide was substituted 
for soda lime in the last two tubes, gave a positive test for 
carbon dioxide. Negative results were obtained in the tests for 
volatile acids. Loss of the carbon dioxide probably explains the 
secondary alkaline reactions, although the possibility of ammonia 
production was not ruled out. 

Six strains of Micrococcus caiarrhalis, three strains of Micro- 
coccus pfiaryngissicctis and eight strains of chromogenic gram-neg- 
ative diplococci were studied for comparison with the meningoc- 
occic and gonococcic strains. No carbohydrates were fermented 
by Micrococcus caiarrhalis in tubes plugged with cotton, but when 
culture tubes were sealed, even those controls to which no car- 
bohydrate and no salts were added showed an acid reaction. 
This latter phenomenon was present with all strains of Neisseria 
studied except meningococci and gonococci. Therefore, these 
mediums can be used to differentiate only the latter two or- 
ganisms from each other and from others of this group. 

DISCUSSION 

For the differentiation of microorganisms, morpholo^cal, cul- 
tural, serological and fermentative methods are commonly 
employed. At present no one of these alone is sufficiently 
comprehensive. Fermentation, together with morphology, is 
probably most frequently used in routine diagnosis. Fermenta- 
tion still presents many difficulties in the Neisseria. These 
bacteria have become so hig^y differentiated that the physical 
and chemical properties of the medium must be carefully adjusted 
in order to permit optimal conditions for growth and ready 
utilization of carbohydrates for acid production. 

The two organisms imder study have such a high degree of 
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specialization that they are capable of utilizing only certain 
proteins. In contradistinction to all other bacteria studied, 
including several members of the streptococcic, staphylococcic, 
diphtheria and colon-typhoid groups, the meningococci and gono- 
cocci, in sealed cultures, produced no change on the coagulated 
blood serum which had been depleted of fermentable substances 
and to which had been added an indicator but no carbohydrate. 
As has already been noted, other members of the Neisseria 
produced acid reaction in this medium. Based on these data, it 
would appear that most other forms of bacteria are able to 
hydrolyze complex proteins into simpler compounds such as 
proteose, polypeptide, peptide, etc., and from among the simpler 
organic compounds certain fractions are utilized and others are 
eliminated as dissimilation products comparable to the findings 
of Kluyver (1931). The presence of these dissimilation products 
may explain acid production in control tubes. On the other 
hand, meningococci and gonococci do not have the property of 
hydrolyzing complex proteins in order to secure the selective 
substances for growth. These two organisms can utilize only 
such simple protein substances as are directly available for 
assimilation. 

The question of amino-acids has received consideration by 
various investigators in connection with this group of bacteria. 
The value of C!ole and Onslow’s medium (1916) for the cultiva- 
tion of the gonococcus was largely attributed by Cole and Lloyd 
(1916-17) to its abundance of amino-acids. The latter investi- 
gators stated, “The value of the addition of peptone to a nutrient 
medium is almost entirely due to the fact that all commercial 
samples contain small amounts of amino-acids in the free state 
which are directly available for assimilation.” The fact that 
dialyzed trypsin ^gest failed to support growth of the gonococ- 
cus was attributed by Miller, Hastings and Castles (1932) to 
the removal of amino-acids. 

McLeod, Wheatley and Phelon concluded that among the 
elements essential to the growth of the gonococcus were, “Some 
sources of amino nitrogen and salts such as are present in meat 
mdract.” They further stated, howevw, that large amounts 
amino-acid inhilut growth. 



MEDIUM FOR MENINGOCOCCUS AND GONOCOCCUS 653 


Whatever these growth-promoting substances may be, they 
are present in peptone, neopeptone and meat extract. 

It is debatable whether such substances are amino-acids or 
nitrogen compounds of simpler constitution. That such simple 
compounds, as nitrates, may be directly usable for growth is 
indicated by the fact that among the various inorganic salts 
tested the greatest acceleration of growth was obtained by 
addition of sodium nitrate to the culture medium. These find- 
ings agree in part with those reported by Miller, Hastings and 
Castles (1932). They found bicarbonate to be essential to the 
growth of gonococci. No detailed study was made to ascertain 
whether this was due to the kation or anion or what part was 
played by valency. At present it is not clear how this result is 
brought about. Obviously osmotic pressure is increased and 
this may act in a greater utilization of available food material. 
A more plausible explanation is the specific effect of certain ions 
on enzymes associated with grow'th and acid production. Nu- 
merous instances of the enhancing effect of ions in biochemical 
activity might be cited. Waldschmidt-Leitz (1929) and Haldane 
in their studies on enzymic action in the animal and in the plant 
organism illustrated the effect of various inorganic salts on 
specific enzyme production. Glick and King (1932) showed the 
inhibiting effect of certain organic compounds on liver esterase. 
Karstrdm (Stephenson, 1932) has established the fact that bac- 
terial species are not constant in regard to their enzymic content, 
but vary sharply according to their nutritional environment, 
and that certain of the sugar-splitting enzymes are present in 
demonstrable amounts only if the organism has been grown in 
the presence of its specific substrate. 

Oxygen tension 

The two main factors involved in the increased acid production 
in sealed cultures are lowered oxygen tension and loss of any 
volatile substances. Experiments indicated that retention of 
carbon dioxide is probably the essential differential factor con- 
cerned in the meningococcus cultures. The r61e played by each 
of these two factors in gonococcic cultures is not so easily deter- 
mined. Wherry and Oliver (1916) and Chapin (1918) claimed 
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reduced oxygen tension to be an important growth promoting 
factor in the gonococcus. On the other hand, Torrey and Buckell 
(1922), and Erickson and Albert (1922) believed that a reduced 
oxygen tension was not necessary. They attributed the in- 
creased growths obtained in partially anaerobic cultures to the 
changed physical conditions brought about by these methods, 
the retention of moisture being the condition most stressed. 
The observations made in this study support the contention 
that an altered oxygen tension, such as can be produced by 
methods described, does enhance growth as well as prevent 
escape of moisture and volatile substances. In unsealed cultures, 
growth along the edge of the water of condensation was no more 
luxuriant than at any other place on the slant. As has already 
been noted, shallow stabs made at any place on the surface 
resulted in an early production of acid, indicating the presence 
of growth. 


SUMMARY 

The preparation of a differential medium for the diagnosis of 
meningococcus and gonococcus has been described. Essential 
features of this medium are a combination of serum from which 
fermentable substances and diastases have been removed and to 
which have been added a concentrated broth containing certain 
inorganic salts. Having the culture tubes sealed during growth 
was found to be necessary in order to insure the continued 
presence of acid in the medium. 
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Effect of Bacterial Filtrates in ment during the past four years and the 
THE Prophylaxis of Upper Re- inoculations were repeated every au- 
spiratory Infections. A. S. tumn. The number of injections 
Gordon, ranged from three to twelve and w^ere 

Bacterial filtrates, or soluble toxins, administered once or twice a week, 
yielded by the microc)rganiam8 com- the amount varying from 0.2 to 0.5 
monly found in the upper respiratory cc. per injection of the solution, 
tract, were used in an attempt to pre- The results are highly satisfactory 
vent, or reduce the incidence of, upper and the study is being continued, 
respiratory infections, particularly the 

common cold. The individual’s sus- The Incidence of Monilia albicans 
ceptibility is considered the most in Routine Sputum Specimens. 
important single factor in the produc- Frederick R. Weedon, Dorothy Kenney 

tion of the disease. The author and Marie E. Shirks Bureau of Lab- 

believes that the bacterial filtrates or oratories, Yonkers, New York, 
metabolites of these bacteria are more In view of the accepted association 
valuable than the bacterial vaccines, of Monilia albicans with inflammatory 
and that these soluble proteins possess lesions in various sites, it seems worth 
more potent antigenic properties than while to collect data upon the occur- 
the suspensions made from the bac- rence of this yeast in specimens of 
terial bodies. various sorts submitted for examina- 

The method used was as follow’s: tion for any reason. The present 
Broth cultures were made from the series is a study of sputum from fifty- 
nasal passages, sinus punctures, crypts five cases each of w hich presented 
of tonsils, and the nasopharynx. The symptoms of chronic pulmonary in- 
metabolites were separated from the volvement of some degree, the speci- 
bacteria by filtration, and were modi- mens being submitted for examination 
fied with formalin. Patients were for the presence of tubercle bacilli, 
tested intradermally to the filtrates, Of these fifty-five specimens five 
and the degree of reaction was used contained Monilia albicans. Other 
as a guide in the dosage and frequency yeasts and non-pathogenic fungi were 
of inoculation. The injections were found frequently and a survey of these 
given in the early Fall season. A is being undertaken, 
group of highly susceptible patients If this high incidence of Monilia 
were kept under observation and treat- albicans persists in a senes of adequate 
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length, it is hoped that an attempt to 
correlate the clinical findings can be 
made later in order to determine the 
significance of the phenomenon. 

Active Halogen Compounds of tub 
War Gas Type as Fungicides and 
Bactericides. The Lacrimator 
Monoido acetone. Frederick R, 
Weedorij Bureau of Laboratories and 
Yonkers Professional Hospital, Yon- 
kers, New York. 

Since mildly active halogen com- 
pounds are well established as fungi- 
cides and bactericides and since 
practically all successful war gases 
are simply very reactive halogen 
compounds it seemed likely that these 
latter might have similar effect against 
microorganisms. 

In the halogen series toxicity in- 
creases from fluorine through chlorine 
and bromine to iodine. This is well 
exemplified by three of the compounds 
studied, chloro-, bromo- and iodo- 
acetophenone which, as 1 per cent 
solutions in alcohol, were tested against 
Penicillium spores in wort agar plates. 
A strip of filter paper 3 x 0.8 centi- 
meters was moistened with each and 
placed on the seeded agar near the 
periphery. On the plate with the 
chlorine compound 500 colonies grew, 
that with the bromine compound 
supported 25 while on that with the 
iodine compound there were no 
colonies. 

Problems of toxicity, stability, vola- 


tility, solubility and lacrimatory effect 
have been met by the study of such 
factors as varying solvents, tempera- 
ture, light, pH, etc., and by animal 
experiment. lodoacetonc has been 
most extensively studied. An expo- 
sure of Penicillium spores or of 
Staphylococcus aureus 209 to a con- 
centration of one to five hundred 
thousand iodoacetone in acetone for 
five minutes kills these organisms. An 
ointment using one part per thousand 
of this substance is yellow petrolatum 
with about 10 per cent acetone and 
a varying amount of lanolin has been 
in routine use for nearly four years 
in one of the local clinics for skin 
diseases and has been satisfactory in 
healing fungous infections of the skin 
including those in the scalp caused by 
Microsporon falinum. Very interest- 
ing results have been obtained in 
scattered cases of other, more serious 
fungous diseases wdiich will be re- 
ported. 

Ethyl iodoacetate in ethyl acetate 
is an excellent fungicide in practical 
use as a one to one thousand ointment 
as well as in the test tube. 

lodonitromethane is a good fungi- 
cide so far but little studied. Perhaps 
the most promising compound so far 
studied is iodoacetophenone or 
phenacyl iodide. Therapeutically it 
seems at least as effective as iodo- 
acetone and certain physical and 
chemical considerations may act to 
make it more so. 
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